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20.  ABSTRACT 


structures  on  rotary-wing  aircraft.  A  list  was  made  up  for  detailed 
review. 

Maintenance  data  were  reviewed  to  select  a  "top  ten"  list  of  secondary 
structures  for  further  analysis.  A  Failure  Mode  Effect  and  Reliability 
Analysis  (FMERA)  was  performed  using  the  maintenance  data  from  the 
Sikorsky  S-61  and  projecting  to  similar  items  on  the  S-65.  Results  showed 
that:  U)  secondary  structures  exhibit  a  reasonably  constant  failure  rate 
with  time,  and  (2)  many  of  the  S-65  failures  could  have  been  predicted  by 
using  the  S-6l  Work  Unit  Code  data. 

Three  components  among  the  "top  ten"  S-65  secondary  structures  were  se¬ 
lected  for  test  both  as  originally  designed  and  in  redesigned  configura¬ 
tions  to  overcome  field  difficulties  experienced. 


It  was  found  that  field  modes  of  damage  can  be  reproduced  in  the  test 
laboratory,  provided  that  the  reliability  and  maintainability  reports  are 
detailed  enough  to  pinpoint  the  problem  areas.  For  the  most  part,  routine 
field  data  serve  only  to  show  that  a  problem  exists  for  a  particular  com¬ 
ponent,  but  are  scant  as  to  the  exact  nature  and  location  of  failures.  In 
order  to  design  a  test  setup  that  will  duplicate  field  failures,  it  is 
necessary  to  carry  out  a  more  detailed  investigation  of  the  exact  nature 
and  location  of  the  failures. 


This  study  indicates  that  design  and  test  criteria  for  secondary  structure 
components  subject  to  handling  use  and  abuse  muBt  be  expanded  to  include  the 
functional  loads  applied  in  handling.  The  usual  flight  and  ground  load 
criteria  are  inadequate  for  designing  and  testing  adequate  secondary 
structures  of  the  hinged-opening  variety. 
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INTRODUCTION 


Records  show  that  20  to  30  percent  of  non-depot  maintenance  man-hours  on 
an  Army  helicopter  are  spent  on  repairing  secondary  structures .  Secondary 
structures,  such  as  panels,  doors,  floorings,  fairings,  cowlings,  and 
maintenance  platforms,  are  not  flight-critical  items.  They  do  not  carry 
aircraft  structural  loads.  However,  they  are  subject  to  aerodynamic, 
flight  vibratory,  acceleration,  normal  crew  handling,  maintenance,  and 
abusive  loads. 

It  was  suspected,  therefore,  that  the  specifications  for  design  of  these 
components  might  be  inadequate.  In  addition,  if  operational  failure  modes 
could  be  duplicated,  test  procedures  for  demonstrating  the  suitability  of 
secondary  structures  could  be  improved. 

This  study  was  undertaken  in  order  to: 

(1)  Evaluate  the  adequacy  of  existing  design  and  test  criteria  as 
applicable  to  secondary  structures. 

(2)  Evaluate  the  effectiveness  of  existing  reliability  and 
maintainability  analytical  techniques,  such  as  use  of  existing 
R&M  Data  Bank  and  the  performance  of  Failure  Mode  Effect 

and  Reliability  Analysis  (FMERA)  for  minimizing  secondary 
structures  field  problems  in  future  aircraft. 
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DISCUSSION 


REVIEW  OF  STANDARDS  AND  SPECIFICATIONS 


Applicability 

The  applicability  of  fixed-wing  and  rotary-wing  standards,  specifications, 
and  other  documents  (hereinafter  referred  to  as  documents)  to  the  design 
of  all  helicopter  secondary  structures  was  determined  progressively  as 
follows : 


1.  The  following  index,  list,  and  documents  were  searched: 


-  Department  of  Defense  Index  of  Specifications  and  Standards 
Cl  July  1971) 

-  List  of  Specifications  and  Standards  (NAVAIR  00-25-5^  of 
1  July  1970) 

-  ADS-1  Propulsion  (Engine/Airframe)  Interface  Surveys 

-  AMCP  706-13U  Engineering  Design  Handbook  Maintainability 
Guide  for  Design 

-  AMCP  706-203  Engineering  Design  Handbook,  Helicopters, 

Part  III,  Qualification  Assurance 

-  AR70-39  Criteria  for  Air  Transport  and  Airdrop  of  Material 
~  AR95-1  Army  Aviation  -  General  Provisions 

-  DH2-3  Air  Force  Systems  Command  Design  Handbook, 

Propulsion  and  Power 


2.  The  above  search  resulted  in  the  selection  of  the  following  for  detail 
review  for  applicability  to  those  secondary  structure  items  that  were 
potential  candidates  for  further  investigation: 

SD««2UH  &  J  General  Specification  for  Design  and  Construc¬ 

tion  of  Aircraft  Weapon  Systems  -  Volume  II  - 
Rotary  Wing  Aircraft 


MIL-E-5272 

MIL-T-8679 

MIL-S-8698 


Environmental  Testing,  Aeronautical  and  Asso¬ 
ciated  Equipment 

Test  Requirements,  Ground  Helicopter 
Structural  Design  Requirements,  Helicopter 


MIL-D-8706 


Data  and  Tests,  Engineering,  Contract  Require¬ 
ments  for  Aircraft  Weapon  Systems 
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MIL-D-1'3222 

MIL-I-8329U 

MIL-STD-210 
MIL-STD-810 
AMCP  706-203 

DH  2-3 


Demonstration  Requirenents  for  Helicopters 

Installation  Requirements ,  Aircraft  Propulsion 
Systems,  General  Specification  for 

Climatic  Extremes  for  Military  Equipment 

Environmental  Test  Methods 

Engineering  Design  Handbook,  Helicopters, 

Part  III,  Qualification  Assurance 

AFSC  Design  Handbook,  Propulsion  and  Power 


3.  Detail  review  of  the  above  documents  resulted  in  selection  of  the 

following  documents  for  research  in  depth  for  adequacy  (or  inadequacy) 
of  design,  test,  and  demonstration  requirements  for  the  candidate 
secondary  structure  items.  Please  note  that  some  documents  were 
added  and  others  dropped  as  review  progressed. 


AMCP  706-202  Helicopter  Engineering,  Part  2,  Detail  Design 

(Note:  listed  for  reference  only  since  it  has 
not  been  issued  and  is  not  available.) 


AMCP  706-203 
SD-2UH 


SD-2la 


Engineering  Design  Handbook,  Helicopters, 

Part  3,  Qualification  Assurance  -  December  1971. 

General  Specification  for  Design  and  Construc¬ 
tion  of  Aircraft  Weapon  Systems  -  Volume  II  - 
Rotary  Wing  Aircraft  -  13  March  1959. 

General  Specification  for  Design  and  Construc¬ 
tion  of  Aircraft  Weapon  Systems  -  Volume  II  - 
Rotary  Wing  Aircraft  -  Change  1,  dated  1 
February  1966. 


MIL-T-8679 
MIL-S-8698 ( ASG ) ( -1 ) 

MIL-D-23222A(AS) 

MIL^I-8329U(USAF) 


Test  Requirements,  Ground,  Helicopter. 

Structural  Design  Requirements,  Helicopters 
(Superseded  by  AR-56). 

Demonstration  Requirements  for  Helicopters. 

Installation  Requirements,  Aircraft  Propulsion 
Systems,  General  Specification  for. 


AF-56  NAVAIR  Aeronautical  Requirements;  Structural 

Design  Requirements  (Helicopters)  -  17  February 
1970  (Supersedes  MIL-S-8698). 


Air  Force  Systems  Command  Design  Handbooks,  Series  1  and  2  as  follows: 
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DH  1-2 

General  Design  Factors  (see  note*). 

DH  1-3 

Personnel  Subsyjtems  (see  note*). 

DH  2-1 

Airframe,  First  Edition,  Rev.  5. 

DH  2-2 

Crew  Stations  and  Passenger  Accommodations 

First  Edition,  Rev.  5. 

DH  2-3 

Propulsion  and  Power  (see  note*). 

Note*  DH  1-2, 

DH  1-3,  and  DH  2-3  were  subsequently  determined 

impertinent  to  this  project. 


Adequacy 

A  preliminary  evaluation  of  the  adequacy  (or  inadequacy)  of  design,  test, 
and  demonstration  requirements  was  made  through  analysis  of  the  selected 
documents,  taking  into  consideration  the  types  of  malfunctions ,  deteriora¬ 
tion  and  other  unsatisfactory  performance  on  record  for  secondary  struc¬ 
tures  in  general.  The  results  of  this  specification  analysis  are  reported 
in  Appendix  I  with  recommendations  for  improving  the  requirements.  These 
recommendations  were  proven  valid  by  subsequent  test  results  as  reported 
in  the  Evaluation  section. 

MAINTENANCE  DATA  ANALYSIS 


A  data  search  was  conducted  to  determine  the  "top  ten"  items  of  secondary 
structure  resulting  in  the  highest  number  of  maintenance  man-hours  to 
repair  or  replace,  and  the  highest  amount  of  aircraft  downtime.  The  air¬ 
craft  selected  for  the  data  search  were  the  Army  CH-54A,  the  Marine  CH-53 
A/D  and  the  Air  Force  HH-53B/C.  Certain  basic  data  (gross  weight,  military 
designation,  date  of  service  introduction)  of  the  several  Sikorsky  models 
involved  in  this  study  are  presented  in  Table  I. 

The  CH-54A  data  included  47,993  flight  hours  from  1  October  1967  to  1  Octo¬ 
ber  1970,  collected  by  Sikorsky  Aircraft,  under  contract  to  the  Army, 
in  the  Operational  Reliability  and  Maintenance  Engineering  (ORME)  program. 
They  were  the  most  complete  data  available,  being  based  on  100j{  surveillance 
of  the  total  aircraft  population.  The  data  search  consisted  of  a  detailed 
review  of  Discrepancy /Corrective  Action  Reports,  which  contain  a  detailed 
description  of  the  part  in  question,  maintenance  man-hours  and  aircraft 
downtime  required  for  repair  or  replacement,  and  a  detailed  description  of 
the  failure  and  corrective  action.  Maintenance  man-hours  and  downtime  were 
calculated  for  approximately  83  types  of  secondary  structure.  However,  be¬ 
cause  of  the  minimum  amount  of  secondary  structure  in  the  CH-54A,  and  be¬ 
cause  of  its  simplicity  and  accessibility,  only  one  item  from  the  CH-54A 
appears  on  the  "top  ten"  list.  Therefore,  no  further  consideration  was 
given  to  analyzing  the  CH-54A  data. 

The  CH-53A/D  data  included  73,670  flight  hours  from  August  1967  to  March 
1970  on  the  CH-53A,  and  34,918  hours  from  November  1969  to  March  1971  on 
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the  CH-53D.  The  data  search  consisted  of  a  detailed  review  of  the  Maintain- 
ance  Action  Part  Removal  Details  section  of  the  Navy  Maintenance  and  Mater¬ 
ial  Management  Report  ( 3— M ) .  This  section  contains:  when  discovered,  how- 
malfunctioned,  corrective  action,  maintenance  man-hours  and  elapsed  main¬ 
tenance  time  information.  The  3-M  data  are  consis  ent  between  CH-53A  and 
CH-53D  and  appear  to  be  complete.  Maintenance  man-hours  and  elapsed  main¬ 
tenance  time  were  calculated  for  approximately  67  items  of  secondary  struc¬ 
ture. 

The  HH-53B/C  data  included  38,366  flight  hours  from  January  1968  to  June 
1971.  The  data  search  consisted  of  a  detailed  review  of  the  Maintenance 
Action  How  Malfunction  Summary  section  of  the  Air  Force  Maintenance  Manage¬ 
ment  Sy-tem  (66-1;  report.  This  contains:  when  discovered,  how  malfunction¬ 
ed,  action  taken,  and  maintenance  man-hours  information.  This  report  was 
considered  to  be  the  least  reliable  source  of  data  because  of  the  very 
large  number  of  part  removals  listed  for  some  Work  Unit  Codes  (WUCs)  and 
the  complete  lack  of  part  removals  reported  for  other  WUCs. 

The  result  of  this  study  of  the  data  bank  of  experience  with  secondary 
structures  is  given  in  Table  II,  showing  the  top  ten  secondary  structure 
maintenance  items . 

In  selecting  the  three  secondary  structures  for  test,  windshields  were 
eliminated  from  consideration  because  they  were  being  investigated  under 
a  separate  Army  contract. 

FAILURE  MODE  EFFECT  AND  CRITICALITY  ANALYSIS 


One  of  the  primary  purposes  of  this  study  was  to  determine  whether  the 
Failure  Mode  Effect  and  Criticality  Analysis  (FMECA)  technique  could  be 
used  to  predict,  during  the  design  phase,  the  failures  that  were  later 
experienced  on  the  CH-53A/D.  To  simulate  turning  the  clock  back  to  the 
CH-53A/D  design  phase,  the  field  failure  mode  and  rate  data  on  similar 
parts  of  the  SH-3  series  helicopters  were  used  as  inputs  to  the  FMECA  for 
the  CH-53A/D.  Every  effort  was  made  not  to  be  prejudiced  Jn  this  analysis 
by  the  known  failure  modes  and  rates  of  the  CH-53A/D.  Ten  items  were 
selected  for  evaluation  to  determine  if  the  failure  modes  and  failure  rates 
of  these  items  could  be  predicted  during  the  design  phase  of  the  aircraft 
life  cycle,  rather  than  calculated  after  operational  deployment.  To  accom¬ 
plish  this  task,  it  was  decided  that  the  Failure  Mode  Effect  and  Critical¬ 
ity  Analysis,  with  some  modification,  was  the  format  most  likely  to  result 
in  a  successful  prediction. 

The  actual  detailed  FMECA  is  given  in  Appendix  II.  The  step-by-step  pro¬ 
cedures  used  to  carry  out  this  analysis  were  as  follows: 

A  reliability  logic  diagram  was  constructed  for  each  of  the  ten  items, 
showing  the  functional  relationships  of  the  basic  components  of  an  assembly. 
The  reliability  logic  diagram  lists  all  the  parts  to  be  included  in  an 
FMECA  and  generally  progresses  from  the  mos+  basic  part  to  a  minor  sub¬ 
assembly,  if  any,  to  the  subassembly  under  investigation. 
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Using  the  reliability  logic  diagram,  the  components  of  the  subassembly  to 
be  investigated  are  listed  and  identified  on  the  Failure  Mode  and  Effect 
Analysis  form,  Appendix  II.  The  identification  section  contains  the  fol¬ 
lowing  headings: 

Column*  (l)  Name  -  The  noun  nomenclature-  as  found  in  the  illustrated 
parts  breakdown. 

(2)  Identification  No.  -  The  number  assigned  to  each  component 
or  subassembly  on  the  reliability  logic  diagram. 

(3)  Drawing  Reference  Designation  -  The  number  assigned  to 
each  component  or  subassembly  by  the  manufacturer. 

(M  Reliability  Logic  Diagram  Number  -  The  number  of  the  relia¬ 
bility  logic  diagram  on  which  the  component  or  subassembly 
appears . 

*Note:  These  column  numbers  are  used  to  facilitate  the  explanation  of 
Table  XXII  and  XXIII  column  headings.  These  column  headings  on 
subsequent  tables  of  Appendix  II  are  typical  and,  therefore, 
these  column  numbers  are  not  repeated. 

After  the  routine,  but  necessary,  task  of  identifying  the  item  to  be 
analyzed,  the  qualitative  portion  of  the  FMEA  is  approached.  The  headings 
provide  a  logical  development  of  the  problems  that  may  be  anticipated  with 
and  design.  They  are: 

Column*  (5)  Function  -  Tb»  function,  intended  or  otherwise,  that  the 
component  or  subassembly  performs. 

(6)  Failure  Mode  -  A  list  of  all  failure  modes  anticipated 
for  the  subject  component  or  subassembly.  These  failure 
modes  are  based  on  experience  with  previous  parts  of  similar 
design,  or  they  are  based  on  the  analyst's  Judgment  when  a 
completely  new  design  or  material  is  used. 

(7)  Operation  Phase  -  Self-explanatory. 

(8)  Failure  Effect  on: 

(a)  Component /Functional  Assembly  -  The  effect  of  the 
selected  failed  component  or  subassembly. 

(b)  Next  Higher  Subsystem  -  The  effect  of  the  selected 
failure  mode  on  the  next  higher  subassembly. 

(c)  Uppermost  System  -  The  effect  of  the  selected  failure 
mode  on  the  aircraft  und^.r  consideration. 

(9)  Failure  Detection  Method  -  The  manner  in  which  the  failure 
is  most  likely  to  be  detected,  such  as  inspection,  warning 
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device,  or  adverse  aircraft  performance. 

(10)  Corrective  Action  Time  Available/Time  Required  -  The  time 
between  a  component  or  subassembly  failure  and  a  catastro¬ 
phic  aircraft  failure,  and  the  time  needed  tc  recover  or 
land  following  initial  indication  of  a  failure. 

(.11)  Design  Provisions  to  Reduce  Criticality  -  Self-explanatory. 

(12)  Remarks  -  Any  that  may  be  helpful  in  pinpointing  potential 
failures. 

The  criticality  analysis  is  the  quantitative  portion  of  the  FMECA  and 
requires  a  data  search  for  failure  rates  under  operational  conditions. 

The  data  search  provides  the  most  accurate  information  when  a  similar 
assembly  can  be  found  in  the  anticipated  environment. 

For  this  study,  the  criticality  analysis  was  modified  and  called  a  reli¬ 
ability  analysis.  The  identification  section  is  identical  with  the  first 
four  items  of  the  FMEA. 


The  headings  in  the  reliability  analysis  are  as  follows: 


Column*  (13) 
(1U) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(21) 


Function  -  The  same  as  item  (5)  of  the  FMEA. 

Failure  Mode  -  The  same  as  item  (6)  of  the  FMEA. 

Operational  Phase  -  The  same  as  item  (7)  of  the  FMEA. 

Failure  Effects  -  The  failure  effects  are  understood  to  be 
the  same  as  found  in  the  FMEA  and  are  severe  enough  to 
require  repair  and  replacement  of  the  subassembly  under 
investigation. 

Reliability  Data  Source  Code  -  Identification  of  the  reports 
used  to  determine  failure  mode  ratio  and  generic  failure 
rate. 

Probability  of  Failure  Effects  -  Deleted  for  this  study. 
Probability  is  1.00  since  we  are  dealing  with  failure. 

Failure  Mode  Ratio  -  The  percentage  that  each  failure  mode 
contributes  to  the  total  failure  rate. 

Environment  Ratio  -  The  factor  which  adjusts  the  generic 
failure  rate  for  differences  between  environmental  stresses 
when  tne  generic  failure  rate  was  measured  and  environmental 
stresses  under  which  the  component  is  going  to  be  used. 

Operational  Ratio  -  The  factor  which  adjusts  the  generic 
failure  rate  for  differences  between  operational  stresses 
when  the  generic  failure  rate  was  measured  and  operational 
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stresses  under  which  the  component  is  going  to  be  used. 


(22)  Generic  Failure  Rate,  Failures/One  Hour  -  The  failure  rate 
per  flight  hour  of  very  similar  or  identical  subassemblies 
installed  on  operational  aircraft.  The  total  generic  fail¬ 
ure  rate  per  nour  is  repeated  for  each  failure  mode  under 
item  (13). 

(23)  Operating  Time,  Hours  or  Cycles  -  Deleted  for  this  study. 
All  calculations  are  on  a  per-one-hour  basis. 

(2^0  Failure  Mode  Contribution  -  The  failure  rate  that  can  be 
expected  from  each  failure  mode.  It  is  (aK^  \^) . 

(25)  Component  Criticality  Number,  Cr  -  The  total  repair  and 

replacement  rate  predicted  for  the  subject  subsystem;  it 
is  equal  to  l(a  \  ). 

(26)  (Under  Column  (18))  -  Hazard  Level  -  The  hazard  resulting 
from  a  component  or  subassembly  failure  is  based  on  the 
definition  in  paragraph  3.1^  of  MIL-STD-882:  a  qualitative 
measure  of  hazard  level  stated  in  relative  terms. 

(a)  Category  I  -  Negligible 

. . .will  not  result  in  personnel  injury  or  system 
damage . 

(b)  Category  II  -  Marginal 

...can  be  counteracted  or  controlled  without  injury 
to  personnel  or  major  system  damage. 

( c )  Category  III  -  Critical 

. . .will  cause  personnel  injury  or  major  system 
damage,  or  will  require  immediate  corrective  action 
for  personnel  or  system  survival. 

(d)  Category  IV  -  Catastrophic 

...will  cause  death  or  severe  injury  to  personnel,  or 
system  loss. 

It  should  be  noted  that  under  the  failure  mode  ratio  heading,  only  the 
subsystem  is  given  a  quantitative  breakdown  of  failure.  This  is  because 
the  available  iata  on  components  and  subassemblies  do  not  include  detailed 
information  in  large  enough  quantities  to  be  reliable.  Therefore,  the 
failure  mode  ratio  for  components  or  subassemblies  (below  the  double 
line  on  the  form)  is  presented  qualitatively  according  to  Table  III. 
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TABLE  III.  FAILURE  MODE  RATIO  DEFINITIONS 


Actual 

10055 

Very  Probable 

O 

-P 

O 

M3 

100% 

Probable 

10J5  to 

60% 

Possible 

3l  to 

10% 

Not  Very  Possible 

055  to 

3% 

None 

ol 

The  results  of  the  analysis  in  terms  of  failure  rates  are  given  in  column 
22  of  the  Appendix  II. 

The  FMECA  as  modified,  during  the  initial  phase  of  this  study,  to  the 
FWERA,  Failure  Mode  Effect  and  Reliability  Analysis,  has  presented  a  logi¬ 
cal  and  easy  to  understand  development  of  the  design  weaknesses  and  poten¬ 
tial  failures  of  an  item  of  secondary  structure.  Failure  rates  based  on 
data  from  the  S-6l  helicopter  provided  a  good  basis  for  predicting  failure 
rates  on  the  S-65 .  These  predicted  failure  rates  were  then  ranked  as 
were  the  actual  S-65  failure  rates,  and  a  comparison  was  made. 

The  comparative  data  as  presented  in  Table  IV  shows  all  the  rankings  to  be 
within  three  numbers  of  each  other  with  the  single  exception  of  the  first 
item  (Housing  Assembly  -  Ranking  Difference  =  5  Numbers). 
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TABLE  IV.  S-65  FAILURE  RATE  RANKING 


Predicted  From 

FMERA  Using 

Actual  From 

Earlier  S-6l 

S-65  Field 

Field  Data 

Data 

Rate 

Rank 

Rate 

Rank 

Housing  Assy 

.001*0 

6 

.011*8 

1 

Hinge  &  Cover 

.0050 

5 

.0126 

2 

Slide  &  Cover 

.0065 

2 

.0112 

1* 

Nose  Gear  Door 

.0011 

9 

.0027 

7 

Personnel  Door,  Lower 

.0186 

1 

.0111* 

3 

Fuel  Cell  Cover 

.0017 

7 

.0000 

10 

Service  Plat.,  Sponson 

.0051* 

3 

.0081 

6 

Work  Platform,  M.R.P. 

.0053 

1* 

.0085 

5 

EAPS  Rear  Frame 

.0015 

8 

.0005 

8 

Compass  Support 

.0001* 

10 

- 

9 

It  should  be  pointed  out  that  the  "failure  rate"  as  presented  throughout 
this  study  is  not  the  classical  one  because  the  time  to  failure  of  individ¬ 
ual  parts  Is  not  available  from  the  base  data.  In  this  study,  failure  rate 
is  defined  as  the  total  fleet  aircraft  time  divided  by  the  total  number  of 
failures  reported. 

A  statistical  comparison  was  conducted  of  the  Table  IV  data  to  test  the 
validity  of  using  the  FMERA  for  predicting  secondary  structure  reliability/ 
maintainability.  The  fundamental  notion  is  that  if  there  is  insufficient 
evidence  to  reject  the  hypothesis  that  the  predictions  are  correct,  we 
will  accept  it.  The  measure  used  to  determine  whether  or  not  there  is 
enough  evidence  for  rejection  is  the  generalized  likelihood  ratio,  X.. 

Let  X^,  Xg,  ...,  be  a  random  sample  of  size  n  from  a  density  f(X,  6^, 

©2,  . 0^)  that  satisfies  quite  general  regularity  conditions,  and 

suppose  G  is  k-dimensional.  Suppose  that  it  is  desired  to  test  the 
hypothesis 

V  ei  =  61°»  e2  =  02°»  ••••  et  *  6t°  t<k 

where  0^°,  02°,  ...»  0^°  are  known  numbers. 
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When  H  is  true,  -2  log  X_  is  approximately  distributed  as  chi-square,  X  a 
with  t°degrees  of  freedom  when  n  is  large. 2,  3  n  in  the  above  theorem* 
is  the  entire  parameter  space  and  X_  is  the  generalized  likelihood  ratio. 

The  generalized  likelihood-ratio  is  the  quotient 


X 


(1) 


where  L(u)  is  the  maximum  of  the  likelihood  function  in  the  region  w  with 
respect  to  the  parameters  (the  region  for  which  the  hypothesis  under  test 
is  true)  and  L(ft)  is  the  maximum  of  the  likelihood  function  in  the  region 
A  with  respect  to  the  parameters. 

Assuming  a  constant  failure  rate,  the  Poisson  density  distribution  applies; 


f(x1§  x1) 


iT(XiT)Xi 

V 


(2) 


The  likelihood  function  for  this  density  is  L(ft)  =  ^(Xj, 


-  EX  .T 
■  e  i  it 
i 


(XtT)Xi 


(3) 


where  X  is  the  failure  rate  of  the  i  th  component,  X.  is  the  observed 
number  of  failures  of  the  i  th  component,  and  T  is  the  accumulated  time 
in  which  Xi  failures  were  observed. 


The  maximum  value,  L(ft)  is. 


L(&) 


(xi)xi 


(U) 


1Mood,  A.  M.,4  Graybill,  F.  A INTRODUCTION  TO  THE  THEORY  OF  STATISTICS, 
Second  Edition,  New  York,  McGraw-Hill,  1963,  p .  301. 

2 

All  logs  are  to  the  base  e. 

^(-2  log  X>x2  )  «  a,  where  a  is  the  probability  cf  rejecting  the 
hypothesis  wheA  it  is  true. 
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To  find  L(ui),  X^  is  set  equal  to  X^  . 


Since  L  is  single  valued  in  the  subspace  u 

,  o 


L(u>)  =  e  "iEXi 


i 


(X"t  T)Xt 
xi  * 


(5) 


The  generalized  likelihood  ratio,  X_,is  given  by 


X.  *  e  i  i 


-Z(X. °T  -  X.  ) 


IT 

i 


Xi°T 


(6) 


To  make  use  of  the  theorem  stated  above,  the  following  condition  must  be 
satisfied  for  the  hypothesis  under  test  to  be  accepted : 


-2  Log  i  <  X  „it 


(T) 


Substituting  (6)  into  (7)  results  in 


-2  Log  X_  =  -2 


[ 


-Z(Xi°T-Xi)  +  pj  Log  X 


£] 


2  Z ( X , °T  -  X.  )  +  2  IX,  Log  X. 

i  1  I  1  1 


>i°T 


(8) 


Thus,  we  accept  the  hypothesis  under  test  with  the  type  I  error,  a,  if 


2  Z(X  °T  -  X.  )  +  2  ZX,  Log  X, 


<X 


a  ,t 


(9) 


Xi°T 


Thus,  for  the  data  shown  in  Table IV  and  the  hypothesis  that  the  predictions 
shown  there  are  correct,  the  following  condition  must  be  satisfied: 

-2  Log  X_  <x  Using  equation  (8)  to  calculate  -2  Log  X_  and  the  fact 

that  we  accept  the  hypothesis  with  type  I  error  if  equation  (9)  is  satis¬ 
fied,  the  following  calculations  were  made.  From  Table  V,  the  nine  items 
listed  constitute  the  sample  size,  t  =  9;  and  from  equation  (9)  the  calculated 
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value  of  -2  Log  ^  is  1375.  Since  for  a  =  .005  and  t  =9,  x 2  qq^  g  =  23.589, 

2 

it  is  easily  seen  that  -2  Log  \>>x  nnc  Q  and  that  for  t  =  9,  a  is  much 

k 

less  than  .005.  As  a  result,  it  can  be  seen  from  the  preceding  calculation 
that  an  a  much  less  than  .005  is  needed.  That  is,  based  on  observed  fail¬ 
ure  rates,  the  predicted  failure  rates  cannot  be  proven  wrong.  The  observed 
failure  rate  can  be  reasonably  forecast  with  the  predicted  component  fail¬ 
ure  rates. 

While  recognizing  that  the  sample  size  used  for  this  test  was  small  in  con¬ 
ventional  terms,  it  is  felt  that  the  statistical  method  and  the  resulting 
conclusions  are  valid. 


TABLE  V.  S-65  FAILURE  RATES  -  FMERA  AND 
FIELD  EXPERIENCE  COMPARISON 


Name 

Predicted  from 
FMERA  Using 
Earlier  S-6l 
Field  Data 

Rank 

Actual 

S-651  Field 
Data 

Rank 

Housing  Assembly 

.001*0 

6 

.0111* 

7 

Hinge  &  Cover 

.0050 

5 

.0391* 

2 

Slide  &  Cover 

.0065 

2 

.01+08 

1 

Nose  Gear  Door 

.0011 

9 

.0089 

8 

Personnel  Door  -  Lower 

.0186 

1 

.0375 

3 

Fuel  Cell  Cover 

.0017 

7 

.011*8 

5 

Service  Platform  -  Sponson 

.0051+ 

3 

.0179 

1* 

Work  Platform  -  M.R.P. 

.0053 

1* 

.0132 

6 

EAPS  Rear  Frame 

.0015 

8 

.0031 

9 

Failure  rates  given  in  this  table  are  the  average  instantaneous 
values  associated  with  the  last  three  quarters  of  1972.  Instan¬ 
taneous  rather  than  cumulative  values  given  in  Table  TV  were  used 
for  the  test  because  they  more  closely  represent  what  the  hard¬ 
ware  is  doing  now.  The  compass  support  listed  in  Table  IV  was 
deleted  from  the  above  analysis  because  of  insufficient  U.S.  Navy 
S-65  data.  It  will  be  noted  that  rankings  are  within  3  numbers  with¬ 
out  exception. 


u - 

Consult  Table  H-3b  of  AMCPg702-3,  Quality  Assurance  Reliability  Hand¬ 
book  1968  for  values  of  \  In  Table  H-3b,  v  represents  the  degrees 

of  freedom.  Hence  t  is  synonymous  with  v. 
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CONSTANT  FAILURE  RATE  DISCUSSION 


As  an  integral  part  of  this  study,  it  was  determined  that  items  of  second¬ 
ary  structure  exhibit  a  reasonably  constant  failure  rate  with  time,  where 
failure  rate  is  defined  as  total  aircraft  fleet  time  divided  by  total  num¬ 
ber  of  failures  (times  to  failure  of  individual  parts  were  not  available). 

To  test  this  statement,  actual  failure  rates  for  3  Navy  models  (SH-3A, 

SH-3D,  SH-3G)  and  another  statistical  test  of  hypothesis  was  used.  This 
was  done  by  making  the  assumption  that  the  hypothesis  is  true  (the  failure 
rate  is  constant  regardless  of  whether  the  aircraft  is  an  SH-3A,  SH-3D,  or 
SH-3G)  and  calculating  the  type  I  error  which  results.  Type  I  error  is  the 
error  which  results  from  rejecting  the  proposed  hypothesis  when  it  should 
have  been  accepted.  Table  VI  presents  the  observed  failure  rate  per  flight 
hour  for  the  three  models  of  SH-3's,  and  shows  the  failure  rate  for  each 
Work  Unit  Code  as  essentially  constant  regardless  of  the  fact  that  SH-3A 
aircraft  have  on  the  average  higher  accumulated  hours  than  the  SH-3D's  and 
SH-3D's  have  more  average  accumulated  hours  than  SH-3G's.  As  a  result, 
there  exists  a  particular  value  for  component's  true  failure  rate  regard¬ 
less  of  whether  the  aircraft  is  an  SH-3A,  SH-3D,  or  SH-3G. 


TABLE  VI .  THE 

OBSERVED  FAILURE  RATES 

PER  FLIGHT  HOUR  FOR  SH-3A/D/G 

i 

Model 

SH-3A 

SH-3D 

SH-3G 

Hours 

19,3^0 

19,197 

13,31*5 

Work  Unit  Code1 

Personnel  Door 

1122A 

.0039 

- 

.0058 

1122F 

.0028 

- 

.0027 

11227 

.0017 

.011*0 

.0150 

11228 

.0059 

.0069 

.0081* 

Complete  Assembly 

.011+3 

.0209 

.0319 

Transmission  Service 

Platform 

1123D 

.0060 

.0076 

.0073 

1123E 

.0033 

.0030 

.001*3 

112  3Q 

.0080 

.0063 

.0087 

1123S 

.0050 

.001+3 

.0057 

1123T 

.0022 

.0020 

.0030 

11236 

.0037 

.001*3 

.0099 

11238 

- 

- 

.0018 

Complete  Assembly 

.0282 

.0275 

.01*07 

^he  Work  Unit 

Codes  are  subassemblies 

of  the  Personnel  Door  and 

the  Transmission  Service  Platform  respectively. 

—  - - 1 
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The  first  step  is  to  verify  that  the  components  we  are  testing  are  the  same 
on  each  aircraft.  Having  verified  this,  we  can  then  make  the  assumption 
that  the  observed  failure  rates  are  identically  distributed  and  make  use 
of  the  centred  limit  theorem.  As  a  result,  a  generalized  likelihood  ratio 
test  will  be  used  to  test  the  hypothesis 

H  :  y  =  y  0  <  a  <  00 
o  o 

where  y  is  a  given  number  assuming  that  we  have  a  sample  of  n  observations 
X^,  . X  ,  from  a  normal  population. 

2  2 

The  parameter  space  ft  is  the  half  plane  ft={y,a  :  -  ®<y<»;  0  <  a  <  «>} 
The  subspace  ui  characterized  by  the  null  hypothesis  is  the  vertical  line 


y  =  yo,i.e., 

2  2 
w  B  {y,  o  :  y  =  yQ;  0  <  o  <  »} 

where  yQ  is  a  given  number. 

We  shall  test  Hq  by  means  of  the  generalized  likelihood-ratio.  The  like¬ 


lihood  is 
L 


■jn  e  (xi  _ 


(10) 


It  can  be  shown  that  the  values  of  y  and  o  which  maximize  L  in  ft  are 


W  t  l  Xi  *  X 

a2  =  i  I(X  -  X)2 
n  .  i 


(11) 


Substituting  these  values  in  L,  we  have 

1 


L(fi) 


( 


(2n/n)  E  (X.  -  X)2 
i  1 


■) 


n/2 


-(n/2) 


(12) 


To  maximize  the  L  in  u,  we  put  y  *  yQ,  and  the  only  remaining  parameter 
2  2 

is  o  ;  the  value  of  o  which  then  maximizes  L  is  readily  found  to  be 


*2  1  x2 

a  ■  -  E(X.  -  y  ) 
n  ^  i  o 
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which  gives 


L(w)  = 


n/2  -(n/2) 

e 


(13) 


(2ir/n)  X  (X±  -  mq)‘ 
i 


The  ratio  of  (13)  to  (12)  is  the  generalized  likelihood-ratio: 


A  = 


Z(X.  -  X)2 
i  1 


E(X,  -  u  Y 
i  1  ° 


n/2 


(HO 


The  next  step  is  to  obtain  the  distribution  of  A_,  use  that  distribution  to 
determine  a  number  A  so  that  the  critical  region  o  <  A  <  A  will  give  the 
probability  o.  Table  VII  summarizes  the  results  of  this  step  and  shows 
the  interval  over  which  u  can  vary  as  a  function  of  a,  the  type  I  error. 

As  a  result,  Table  VII  shows  the  range  of  true  failure  rates  which  produce 
the  scatter  of  observed  failure  rates  of  Table  VI  and  the  probability  of 
error,  a,  associated  with  accepting  the  hypothesis  that  the  true  failure 
rate  is  in  the  indicated  range.  The  greater  the  range  of  true  failure 
rates,  the  more  accurately  they  encompass  the  scatter  of  observed  failure 
rates,  and  the  smaller  the  chance  of  error  (a)  in  assuming  the  true  fail¬ 
ure  rate  is  within  that  range. 

What  we  are  saying  is  that  the  true  failure  rate  that  produces  the  scatter 
of  observed  failure  rates  in  Table  VI  is  not  unique.  In  fact,  any  number 
of  "constant"  failure  rates  could  produce  the  observed  scatter.  By  "con¬ 
stant,"  we  mean  it  is  possible  to  associate  a  single  value  for  the  fail¬ 
ure  rate  with  the  population  of  observed  values.  Since  we  have  a  small 
sample,  the  sample  could  exist  in  many  different  theoretical  populations. 

We  therefore  have  a  range  of  population  parameters  which  we  call  true 
failure  rates  provided  in  Table  VII  that  could  produce  the  observed 
scatter  of  Table  VI.  The  range  of  true  failure  rates  depends  on  the  error 
you  incur  by  making  such  associations. 

For  example,  when  a  =  0.5,  the  failure  rate  on  the  personnel  door  is 
.02237*001*16(1930  and  the  service  platform  is  .03213*  .0035(11^ )  •  There 
is  only  a  50%  chance  (based  on  SH-3A,  3D  and  3G  data)  that  the  assumption 
of  a  single  failure  rate  in  these  ranges  will  be  in  error.  On  this  basis, 
the  assumption  of  equal  failure  rates  for  the  three  models,  and,  therefore, 
a  failure  rate  independent  of  time  is  considered  to  be  a  reasonable  assump¬ 
tion. 
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TABLE  VII.  RANGE  OF  PERMISSIBLE  VALUES  OF  FAILURE  RATE 
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permitted . 


As  part  of  the  Reliability  Analysis  portion  of  the  Failure  Mode  Effect  and 
Reliability  Analysis,  hazard  levels  were  assigned  to  all  failure  nodes  of 
components  and  subassemblies  according  to  the  definition  of  paragraph  3.11* 
of  MIL-STD-882.  From  those  definitions,  it  war,  determined  that  failures 
of  items  of  secondary  structure  occurring  on  the  ground  could  be  classi¬ 
fied  as  Category  I  -  negligible,  and  that  failures  of  items  of  secondary 
structure  occurring  in  flight  could  be  classified  as  Category  II  -  marginal. 
There  were  no  failures  investigated  during  this  study  that  had  a  higher 
hazard  level  than  Category  II. 

Since  items  of  secondary  structure  exhibit  a  reasonably  "constant"  failure 
rate  and  because  they  do  not  exhibit  a  hazard  level  higher  than  Category 
II,  they  should  remain  "on  condition"  replacement  parts. 

Following  completion  of  the  Failure  Mode  Effect  and  Reliability  Analysis 
for  the  "top  ten"  items,  three  of  these  items  were  selected  for  redesign 
using  the  information  available  in  the  FMERA  and  field  experience  analysis . 

The  three  items  of  secondary  structure  selected  for  test  were: 

Hinge  and  Cover  Assembly,  Part  No.  65207-09010-011 
Lower  Personnel  Door,  Part  No.  65207-030l8-0Ul 
Wbrk  Platform  Assembly,  Part  No.  652O7-09OOU-OU1 
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EVALUATION 


Reliability  and  Maintainability  Analytical  Techniques 

The  reliability  and  maintainability  techniques  used  in  this  investigation 
were:  (l)  the  use  of  the  data  bank  of  experience  to  determine  areas  where 
significant  product  improvements  can  be  achieved  through  additional  engi¬ 
neering  effort,  (2)  the  use  of  the  failure  mode  and  effect  analysis  as  a 
means  of  predetermining  areas  requiring  engineering  attention,  suid  (3) 
trade-off  analysis. 

The  data  bank  of  experience  was  found  to  be  useful  for  ranking  secondary 
structures  in  terms  of  failures  per  thousand  hours  of  flight,  maintenance 
man-hours  per  flight  hour,  and  elapsed  hours  per  maintenance  action.  The 
field  data  generated  by  the  military  data  collection  systems  are  deficient, 
however,  in  terms  of  defining  the  modes  of  failure,  their  exact  locations, 
and  the  possible  causes  of  the  failures.  To  determine  these  factors,  it 
was  necessary  in  this  investigation  to  go  back  to  the  depots,  to  contact 
contractor  technical  representatives,  and  to  question  them  at  length  to 
obtain  the  necessary  detailed  information.  It  would  be  helpful  to  engi¬ 
neering  progress  in  reliability  and  maintainability  if  data  collection 
systems  would  yield  more  descriptive  material  and  illustrations  or  photo¬ 
graphs  of  the  failures  experienced.  It  is  recognized  that  this  recommenda¬ 
tion  would  be  countered  by  the  argument  that  such  a  system  would  be  costly. 
It  may  well  be  that  it  is  more  economical  to  continue  with  the  procedure 
used  in  this  investigation,  namely,  to  use  the  data  bank  only  to  highlight 
areas  needing  further  investigation  and  then  to  proceed  with  specific 
detailed  questions. 

The  Failure  Mode  Effect  and  Reliability  Analysis  as  carried  out  in  Appendix 
II  showed  reasonable  correlation  with  the  field  reported  failures  as  tab¬ 
ulated  in  Table  XIII  as  follows: 

Main  rotor  pylon  hinged  cover  -  five  modes  identified  by  FMERA  vs  11  field 
reported  or  h5%. 

Lower  personnel  door  -  12  modes  identified  by  FMERA  vs  18  field  reported 
or  67%, 

Main  rotor  pylon  work  platform  -  five  modes  identified  by  FMERA  vs  six 
modes  reported  by  the  field  or  83!?. 

The  results  indicate  that  the  FMERA  is  a  useful  tool  in  combination  with 
other  techniques  such  as  use  of  reliability /maintainability  data  bank, 
but  that  it  is  not  adequate  to  be  used  exclusively. 

The  trade-off  analysis  technique  is  useful  in  determining  the  cost  effec¬ 
tiveness  of  reliability  and  maintainability  improvements. 

Among  other  reliability  and  maintainability  techniques  not  covered  by  this 
investigation  that  are  believed  to  be  useful  are:  prediction  and  alloca¬ 
tion,  design  reviews,  tracking  and  measuring  reliability  during  development 
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math  modeling,  and  time  line  analyses. 

Design  and  Test  Criteria:  Recommended  Revisions 

The  recommendations  for  specification  changes  to  improve  secondary  struc¬ 
tures  were  shown  to  be  valid  by  the  test  results.  There  were  deficiencies 
in  design,  most  of  which  could  be  prevented  by  the  specification  revisions. 

Note,  however,  that  the  addition  to  MIL-T-8679*  paragraph  3.1.10.7,  includes 
a  test  loading  table  that  is  not  universal.  These  loads  reflect  the  use 
cycles  peculiar  to  the  H-53  aircraft.  Another  model  helicopter  would  be 
subject  to  different  loadings,  due  to  the  differences  in  passenger  and 
crew  capacities  and  the  different  maintenance  requirements. 

SD-2l*H,  Volume  II,  although  used  in  the  design  of  some  of  the  components 
under  study,  has  been  superseded  by  SD-21+J,  Volume  II.  Since  comments  on 
SH-24H  have  been  covered  under  SD-2l*J,  the  former  has  been  dropped  from 
further  consideration. 

SD-21+J,  Volume  II,  paragraphs  3. 2.1*.  2.1*  and  3.11.7  should  be  revised  as 
follows : 

3. 2.1*. 2.1*  DOORS.  MOVABLE  SECTIONS,  AND  REMOVABLE  SECTIONS.  -  Doors,  mov¬ 
able  sections,  or  removable  sections,  shall  be  provided  for  inspection,  lub¬ 
rication,  servicing  of  engine,  transmission,  rotor  head,  and  accessories, 
drainage,  removal  of  corrosion  deposits,  adjustment,  refinishing,  and  re¬ 
placement  of  parts  as  required.  Doors,  movable  sections,  and  removable 
sections  shall  furnish  an  adequate  view  of  the  parts  to  be  inspected  and 
provide  ample  access  to  parts  involved  to  permit  disconnection  and  removal 
of  a  part  without  having  to  remove  other  parts  or  units  not  affected. 

Doors,  movable  sections,  and  removable  sections  shall  be  suitably  identified. 
Doors  shall  be  externally  smooth,  splashtight,  readily  opened,  securely 
closed  and  may  employ  transparent  windows  subject  to  Government  approval. 
Doors  shall  be  designed  to  prevent  damage  due  to  airblast,  shall  be  hinged 
on  forward  or^  upper  edges,  where  practicable,  and  shall  be  capable  of  with¬ 
standing  all  combinations  of  pressure  distribution  and  accelerations  result¬ 
ing  from  the  specified  rotary-wing  aircraft  design  conditions.  Load-carry¬ 
ing  doors,  movable  sections,  and  removable  sections  shall  not  be  used  where 
removal  is  necessary  for  periodic  inspection,  but  otherwise  may  be  used 
where  weight  savings  result.  Threaded-tapered  fasteners  or  other  compensa¬ 
ting  assembly  devices  shall  be  used  to  simplify  assembly  and  reduce  mainte¬ 
nance  on  load-carrying  doors,  movable  sections,  or  removable  sections  subject 
to  extreme  temperature  variations  and  resultant  thermal  distortions.  Doors, 
movable  sections,  and  removable  sections  which  must  be  removed  for  periodic 
inspections  shall  be  secured  by  readily-operated  approved  flush-type  fasten¬ 
ers  of  corrosion-resistant  material.  These  fasteners  shall  be  common  to  all 
doors  to  the  maximum  extent  practicable,  shall  be  either  captive  or  of  iden¬ 
tical  length,  grip,  thread  and  material  and  shall  conform  to  Spec  MIL-F- 
5591  where  applicable.  Doors,  or  movable  sections  which  are  required  to 
be  held  open  for  a  period  of  time  to  permit  access  for  maintenance  purposes, 
shall  be  capable  of  being  secured  in  both  the  open  and  closed  positions 
by  self-locking  devices.  However,  where  no  useful  purpose  is  served. 
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the  use  of  a  device  for  securing  a  door  or  movable  section  in  the  open 
position  is  not  required.  If  higher  performance  characteristics  than  those 
of  Spec  MIL-F-5591  are  required,  quick  acting  rotary  fasteners  conforming 
to  Spec  MIL-F-22978  shall  be  used.  Contact  areas  between  doors  and  air¬ 
craft  structure  shall  be  protected  against  fretting  corrosion  by  providing 
suitable  insulating  materials. 

Rationale: 

Addition  of  the  words  "movable  sections, ""transmission,"  and 
"rotor  head"  would  identify  these  items  as  pertinent  to  heli¬ 
copters  and  within  the  scope  of  these  requirements. 

3.11.7  Tntefiral  Workjf^  Platforms.  -  Integral  teHte  work ite  platforms 

m  mtu  uuumte  nm  mm  u  tmtu  itetmu  tm  tu  mm 

IteteH  shall  be  provided/  to  permit  access  to  and  maintenance  of  engines, 
transmissions,  and  rotor  heads  which  cannot  be  reached  readily  from  other 
parts  of  the  aircraft,  the  ground,  or  the  ship's  deck. 

Rationale: 

Addition  of  transmissions  and  rotor  heads  would  identify 
those  items  as  pertinent  to  helicopters  and  within  the 
scope  of  these  requirements. 

MIL-T-8679,  paragraph  3.1.10.7  should  be  revised  to  read  as  follows: 

3.1.10.7  Deformation  and  fatigue  of  doors,  work  platforms,  movable  or 
removable  covering  or  fairing,  cowlings,  locks ,  latches ,  slides .  rollers , 
and  fasteners.  -  It  shall  be  shown  during  structural  tests  that  teteii 
itetftel  teiteti  tei  mmm  teitemii  these  items  and  items  of  mechani¬ 
cal  equipment,  such  as  landing  gears,  remain  in  their  intended  positions 
consistent  with  specified  structural  design  requirements.  It  shall  also 
be  shown  that  the  following  fatigue  or  repeated  load  tests  have  been  met: 


Open/Close  Repeated  Impact 

Item _ Cycles _ Force _ Cycles 

Door  Entrance 


a)  with  stairs 

1,000 

200  lb  x(man  rating) 

20,000 

b)  without  stairs 

1,000 

Slamming 

1,000 

Door  Inspection 

a)  hinged 

100 

Slamming 

1,000 

Platforms,  Work 

a)  operable 

1,000 

200  lb  x(man  rating) 

20,000 

b )  fixed 

- 

Same 

20,000 

Cowling,  Covering, 
Fairing 
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a)  removable 

b)  hinged 

c)  sliding 


1,000  Slamming/Drop  -  5 

1,000  Full  Slam/Drop  -  5 

1,000  Slamming/Drop  -  5 


Rationale: 

This  proposed  revision  would  provide  specific  requirements 
for  testing  secondary  structure  items  under  conditions 
simulating  actual  service  operations  and  abuse.  Although 
these  test  conditions  may  not  apply  universally  because  of 
differing  conditions  of  loadings,  passenger  and  crew  capa¬ 
cities,  and  maintenance  requirements  applicable  to  various 
helicopters,  they  do  form  a  base. 

MIL-S-8698(ASG) (-1) ,  paragraphs  3. 1.3. 3  and  3. 2. 2. 2  should  be  revised  to 
read  as  follows: 

3. 1.3. 3  Doors,  cowling,  integral  work  platforms,  movable  or  removable 
covering  or  fairing,  locks,  and  fasteners.  -  Doors,  cowling,  integral 
work  platforms,  movable  or  removable  covering  or  fairing,  locks,  and  fasten¬ 
ers,  including  landing  gear  up  and  down  locks  and  cowling  fasteners,  shall 
not  deflect  from  their  intended  positions  in  such  manner  as  to  permit  un¬ 
wanted  openings,  closing,  or  release  of  coverings,  or  unlocking  or  unfasten¬ 
ing  of  mechanisms  at  all  loads  up  to  ultimate. 

3. 2. 2. 2  Design  fatigue  loading.  -  The  design  fatigue  loading  shall  be  in 
accordance  with  an  approved  fatigue  design  loading  schedule.  The  helicopter 
and  its  components,  except  those  covered  by  applicable  specifications,  shall 
be  designed  for  a  minimum  fatigue  life  of  1,000  hours.  Design  fatigue 
loading  for  doors ,  boarding  steps ,  integral  work  platforms ,  and  movable  or 
removable  covering  or  fairing  shall  include  loads  and  effects  of  abuse 
(slamming,  .lumping,  kicking,  forcing,  etc)  imposed  by  personnel  during 
loading,  boarding,  inspection,  and  maintenance  of  the  aircraft. 

Rationale  for  3.1.3. 3  and  3. 2. 2. 2  improvements: 

The  additions  (underlined)  above  would  cover  heretofore 
unspecified  secondary  structure  requirements. 

MIL-I-8329^(USAF) ,  paragraph  3 . U . 9 •  5 .  Although  this  paragraph  was  consid¬ 
ered  for  expansion  to  include  fairings,  cowling,  and  integral  work  plat¬ 
form  requirements  for  access  to  transmissions  and  rotor  heads,  further 
study  of  the  entire  specification  indicated  that  this  would  be  impractical. 
This  specification  is  apparently  intended  for  application  to  fixed-wing 
aircraft  propulsion  (engine  installation)  systems;  it  does  not  include 
even  the  basic  requirements  for  helicopter  type  propulsion  transmission 
systems  (gearboxes,  shafting,  rotor  heads,  etc.). 
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AFSC  DH  2-1,  DN  2A1,  paragraph  ^  should  be  revised  as  follows: 
h .  DYNAMIC  LOADS 

Dynamic  loads  are  time-dependent  forces.  The  application  of  these  forces 
to  the  flexible  airframe  structure  usually  results  in  magnification  of 
displacements  or  stresses  in  the  airframe  over  that  which  would  have 
occurred  if  they  were  applied  statically.  Dynamic  load  effects  have  been 
found  to  be  important  during  the  following  conditions: 

a.  Taxiing,  takeoff  and  landing 

b.  Flight  through  gusts 

c.  Gunfiring 

d.  Rocket  accelerated  takeoff 

e.  Abrupt  aircraft  maneuvers 

f.  Static  engine  run-up  during  maintenance  and  takeoff 

g.  Store  ejection 

h.  Operation  of  doors,  work  platforms,  movable  or  removable  covering 
or  fairing,  cowlings,  etc,  during  loading,  boarding,  inspection, 
and  maintenance  operations;  as  applicable. 

Design  the  airframe  structure  so  that  the  magnitudes  and  distributions  of 
loads  include  the  dynamic  response  of  the  structure  resulting  from  the 
transient  or  sudden  application  of  loads.  Conform  to  the  specific  design 
and  load  test  requirements  stated  in  MIL-A-8860  through  MIL-A-8871.  (See  l) 

Rationale: 

Addition  of  subparagraph  "h"  would  direct  attention  to  a 
heretofore  neglected  area.  Addition  of  "(See  l)"  as  last 
sentence  would  direct  user  to  separate  helicopter  requirements. 

AFSC  DH  2-1,  DN  3A3,  paragraph  3  should  be  revised  as  follows: 

3.  FAIRING 

Fairing  is  covering  which  may  or  may  not  be  an  integral  part  of  the  air¬ 
craft  structure  and  whose  primary  purpose  is  to  increase  the  aerodynamic 
efficiency  of  the  aircraft.  Protect  loose  edges  on  fairing  by  adequate 
rubbing  strips.  Construct  fairings  in  the  same  manner  as  covering  or 
cowling.  If  seldom  removed,  fairings  may  be  screwed  or  bolted  to  the  ad¬ 
jacent  covering  or  structure.  When  fairing  is  secured  with  threaded  fas¬ 
teners  having  the  same  diameter,  use  bolts  or  screws  of  equal  length  to 
simplify  maintenance.  If  frequently  removed,  provide  suitable  cowling 
fasteners.  If  removal  for  inspection  of  disassembly  is  not  necessary. 
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fairing  may  be  fastened  by  riveting  or  welding.  If  fairing  is  of  the  slid¬ 
ing  type .  it  should  meet  the  deformation  and  fatigue  requirements  of  MIL- 
T-8b79.  paragraph  3.1.10.7. 

Rationale: 

Addition  of  the  last  sentence  would  direct  attention  to  a 
heretofore  unrecognized  area. 

AFSC  DH  2-1,  DN  3A3,  new  paragraph  9  should  be  added  as  follows: 

9.  INTEGRAL  WORK  PLATFORM  (HELICOPTER) 


Integral  work  platforms  shall  be  provided  to  permit  access  to  and  main¬ 
tenance  of  engines,  transmissions,  and  rotor  heads  which  cannot  be  reached 
readily  from  other  parts  of  the  aircraft,  the  ground,  or  ship’s  deck. 

Rationale: 

Addition  of  the  above  would  cover  a  heretofore  unspecified 
requirement . 

AR-56,  paragraph  3. l.j.l  should  be  revised  to  read  as  follows: 

3. 1.9.1  Design  Fatigue  Loading.  -  The  design  fatigue  loading  shall  be  in 
accordance  with  an  approved  fatigue  design  loading  schedule  based  on  real¬ 
istic  mission  profiles  or  in  accordance  with  the  profile(s)  of  Table  I. 
These  profiles  shall  be  combined  with  a  rational  distribution  of  signifi¬ 
cant  parameters  which  affect  fatigue  life, including  eg,  altitude,  gross 
weight,  load  factor /bank  angle,  yaw  angle,  sinking  speed,  roll  angle,  pitch 
angle,  takeoff -landing  speeds,  soil  conditions,  rotor  speeds,  rotor-hub 
moments,  control  loads,  torque  variations,  vibratory  loadings,  quasi-static 
loads,  landing  gear  extension-retraction  loads  and  all  others  pertinent  to 
describing  the  fatigue  loading  spectra  that  the  vehicle  will  be  subjected 
to.  Safe  life  analyses  and  tests  shall  be  employed  to  substantiate  the 
helicopter  and  all  its  components  for  a  fatigue  life  specified  in  3. 1.9. 2. 
Design  fatigue  loading  for  doors,  boarding  steps,  integral  work  platforms, 
and  movable  or  removable  covering  or  fairing  shall  include  loads  and  effects 
of  abuse  (slamming,  jumping,  kicking,  forcing,  etc.)  imposed  by  personnel 
during  loading,  boarding,  inspection,  and  maintenance  of  the  aircraft. 

Rationale: 

The  addition  (underlined)  above  would  cover  heretofore 
unspecified  secondary  structure  requirements . 

SS  9583.  This  Sikorsky  specification,  previously  approved  by  the  Govern¬ 
ment,  is  being  revised  to  require  materials  with  improved  interlaminar 
shear  strength  not  currently  provided  in  military  specification  materials. 

We  will  request  that  the  military  specification  also  be  revised  in  the  near 
future.  This  should  reduce  delamination  problems  to  a  minimum.  However,  in 
order  to  eliminate  delamination  and  cracking  of  fiber  glass,  good  Judgment 
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must  be  exercised  in  designs  which  are  subject  to  penetration  (dropped 
tools,  hard  heels,  etc.)  and  localized  pounding  (due  to  vibration  or 
repeated  loads  resulting  from  normal  looseness  of  latches  and  other  fasten¬ 
ers)  to  determine  if  fiber  glass  is  suitable  for  the  application,  if  metal 
reinforcement  is  required,  or  if  metal  should  be  used  instead.  Fiber  glass 
might  delaminate  or  crack  under  such  conditions;  metal  would  probably  yield 
instead.  (We  recommend  that  the  Army  include  such  design  information  in 
AMCP  706-202  when  issued.) 

TEST  PROGRAM 


Background 

Tests  of  the  original  and  redesigned  structures  were  conducted  to: 

(a)  duplicate  the  in-service  inadequacies  of  the  original  designs 
and 

(b)  demonstrate  improvement  of  the  redesigned  structure. 

The  problem  areas  of  the  three  selected  components  were  reviewed  to  deter¬ 
mine  the  service  conditions  (loading  spectra,  vibration  and  aerodynamic 
environment,  and  abuse)  which  most  likely  contributed  to  the  in-service 
failure  modes  of  each  part.  Laboratory  tests  were  designed  to  integrate 
these  conditions  into  a  combined  test  spectrum  designed  to  duplicate  these 
in-service  modes.  Scheduled  usage  and  estimates  of  nonscheduled  usage 
and  abuse  were  employed  to  combine  the  individual  service  conditions  into 
composite  test  programs  that  permit  interaction  of  these  conditions  in 
proportion  to  field  exposure.  No  attempt  was  made  to  quantify  the  reli¬ 
ability  of  present  or  redesigned  parts  with  these  spectra.  However,  based 
on  the  results  of  the  limited  testing  conducted,  an  estimate  of  the  improve¬ 
ment  in  reliability  which  will  result  from  the  redesigns  has  been  made  in 
the  preliminary  trade-off  study. 

Criteria 


In  order  to  develop  a  realistic  test  of  the  secondary  structures,  several 
assumptions  were  made  concerning  aircraft  use  (Table  VIII). 

Using  these  criteria,  a  test  schedule  was  set  up,  cycling  the  structures 
through  manual  operation,  abuse,  flight  loads,  and  normal  use  as  well  as 
environmental  testing  (Table  IX). 

Loads  for  these  phases  were  established  as  described  in  the  following 
paragraphs . 
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TABLE  VIII.  TEST  CRITERIA  ASSUMPTIONS 


General 

(1)  1 *5  hours  per  flight  (scheduled) 

(2)  average  loading  (3A  x  1*0  =  30  passengers  estimated 
using  personnel  door) 

(3)  preflight  inspection  (scheduled  -  1  man) 

(k)  postflight  inspection  (scheduled  -  1  man) 

(5)  1  maintenance  per  flight  (2  men  estimated) 

Specific 

Main  Rotor  Pylon  Hinged  Cover  Assembly  -  3  open/close  cycles  per 
flight  hour 

Lower  Personnel  Door  -  3  entries/exits  per  1*5  hour  scheduled 
flight 

Work  Platform  -  2-man  rating 
Environmental 

Humid,  salty  air  environment  simulated  by  application  of  5 % 
salt-water  solution  as  suggested  in  MIL-STD-810. 

Test  Load  Schedules 

Set  up  to  produce  interaction  between  test  phases 
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TABLE  IX.  TEST  LOAD  SCHEDULES  -  24-HOUR  BLOCKS 


I 


IT  "  ■  '  ~  - - - 

Main 

Rotor  Pylon  Hinged  Cover  Assembly 

Test  Total 
(25  Blocks) 

(1) 

60  open/close  cycles,  20  of  which  are  abusive 

1500  eye 

(2) 

20  hours  vibratory  load 

500  hr 

(3) 

Functional  check-out 

Lower  Personnel  Door 

(32  Blocks) 

(1) 

Functional  check-out 

(2) 

Salt  water  spray  (apply  periodically) 

(3) 

32  open/close  cycles 

1024 

(4) 

720  stair  tread  impacts 

23000 

(5) 

160  stair  riser  impacts 

5100 

(6) 

32  support  cable  impacts 

1024 

(7) 

1 6  hours  vibratory  load 

500  hr 

Work 

Platform 

(25  Blocks) 

(1) 

Functional  check-out 

(2) 

40  open/close  cycles,  10  of  which  are  abusive 

1000 

(3) 

160  roller  cycles 

4000 

(4) 

20  vibratory  load 

500  hr 

(5) 

Salt  water  spray  (apply  periodically) 

i  -  i 

29 


Flight  Load  Study 


To  set  up  the  vibratory  test  load  parameters,  an  aircraft  was  instrumented 
to  provide  actual  flight  data.  Strain  gages  were  fixed  to  the  flight 
secondary  structures  at  critical  points  (near  latches,  hinges,  and  stress 
concentration  points  -  if  any);  see  Figures  1,  2,  3  and  4.  The  results, 
Table  X,  indicate  that  flight  stresses  are  low.  This  data  was  gathered 
during  the  Sikorsky  Aircraft  RH-53D  flight  test  program  in  February,  1975. 

Vibratory  Loading 

The  vibratory  loads  were  induced  on  the  test  articles  in  an  attempt  to 
simulate  flight  vibrations.  This  was  found  to  be  difficult.  It  was  not 
possible  to  match  the  low  levels  of  inflight  stress  (Table  X)  recorded 
at  tne  data  points  (strain  gages)  without  creating  extremely  high  localized 
loadings  at  the  load  input  points.  It  was  noted  that  the  deflection  of 
the  test  article  was  not  directly  proportional  to  the  indicated  stress  at 
the  test  data  points . 

To  get  more  than  a  localized  load,  it  was  necessary  to  operate  at  or  near 
a  resonance  frequency  of  the  system.  This  method  produced  measurable  de¬ 
flections  and  loads  in  the  test  items.  However,  they  were  still  not  com¬ 
parable  to  flight  test  data  in  distribution  of  magnitude. 
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Main  Rotor  Pylon 
Hinge  and  Cover 
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Figure  1.  S-65  Secondary  Structure  Test  Articles. 


atory  Load  Survey,  Strain  Gape  Locations,  Personnel  Door. 


■vey,  Strain  Gage  Location;',  Work  Platform, 


TABLE  X.  FLIGHT  STRESS  AND  VIBRATION  STRAIN  GAGE  DATA  (MAXIMUMS) 


i  : . . 

Test,  Article 

Stresses (psi ) 

Frequency 

Hinped  Pylon  Cover-Gapes 

PC-1 

250 

All  Approximately  6/'Main 
Rotor  (185  Rotor  RPM)  (6 
Blades/Rotor)/ (60  sec) 

=  18.5  cps  min 

PC -2 

i+00 

PC-3 

200 

@  18.5  cps 

PC-U 

150 

PC-5 

200 

Personnel  Door-Gapes 

PD-1 

200 

Same 

PD-2 

150 

PD-3 

100 

@18.5  cps 

PD-U 

1j50 

PD- 5 

Out 

Work  Platform-Gapes 

WP-1 

600 

Same 

WP-2 

500 

@18.5  cps 

WP-3 

200 

wp-L 

350 

WP-5 

250 

vp-6 

200 

Because  of  the  problems  involved,  each  original  design  test  article  was  run 
at  a  reasonable  load  and  frequency  level,  which  was  duplicated  on  the  re¬ 
designed  item  to  provide  the  design  comparison  (Table  XI). 

The  devices  used  to  set  up  the  vibratory  load  test  parameters  were: 

(1)  Counter  (Figure  5*  top)  -  to  indicate  cycles  per  second. 

(2)  Load  Monitor  (Figure  5»  middle)  -  to  monitor  a  master  strain 
gage  on  the  test  article  and  shut  down  the  equipment  if  the  load 
increased  or  decreased  by  more  than  a  preset  percentage . 

(3)  Pow^r  Panel  (Figure  5i  bottom)  -  to  indicate  the  total  running 
time  of  the  vibratory  load. 

(1+)  Oscillograph  -  to  read  out  the  strain  on  the  test  articles. 

The  vibratory  load  was  induced  by  a  variable-speed  motor  driving  a  wheel 
with  an  eccentric  weight  (Figure  6).  The  wheel  and  carriage  assembly  actu¬ 
ated  a  pushrod  attached  to  a  frame  mounted  on  rubber  pads  bonded  to  the 
test  item  (Figure  7). 


TABLE  XI. 

VIBRATORY 

TEST  RESULTS 

1  l 

Structure 

CPS 

Input 

Force 

(lb) 

Comments 

Pylon  Cover  -  Original 

Pylon  Cover  -  Redesign 

15 

Not  Run 

±29 

Vibratory  load  not 
run  on  redesigned 
structure  due  to 
structural  damage 
that  occurred  on 
original  -  Not  Field 
Mode  of  Damage. 

Personnel  Door  -  Original 
Personnel  Door  -  Redesign 

22 

±i»l 

Field  Damage  Modes 
Developed. 

Work  Platform  -  Original 

Work  Platform  -  Redesign 

13 

425 

No  Damage  Modes 
Developed  * 

Environmental  Test 


To  simulate  a  high-humidity,  salty,  ocean-air  environment,  a  salt  water 
solution  (5#  as  suggested  in  MIL-STD-810)  was  applied  to  appropriate  points 
(hinges  and  latches)  of  the  test  articles.  However,  the  test  was  too 
short  (one  month,  to  simulate  500  hours  of  flight  time)  to  realistically 
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Figure  5.  Vibratory  Load,  Instrumentation. 


/ 
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Figure  7.  Vibratory  Load,  Load  Frame. 


evaluate  corrosion  problems,  and  none  were  observed. 


Field  Abuse 


Field  abuse  of  secondary  structures  involves  the  human  engineering  aspect 
of  design  and  the  mental  attitude  of  field  personnel.  Abuses  observed  in 
the  field  such  as  kicking.  Jumping  on,  and  slamming  of  secondary  structures 
can  cause  loadings  (and  damage)  for  which  no  design  provision  was  made. 

Abusive  damage  can  be  invited  by  (l)  difficulty  in  the  normal  operation  of 
the  secondary  structure  such  that  it  must  be  forced  to  operate,  (2)  design 
of  the  secondary  structure  lending  itself  to  a  function  never  intended  by 
design,  or  (3)  a  secondary  structure  so  fragile  that  even  normal  use  can 
cause  damage.  See  Table  XII  for  apparent  and  observed  abuses. 

The  amount  of  abuse  scheduled  in  the  test  block  diagrams  was  arrived  at  by 
estimates  of  field  usage. 

Field  Damage 

Field  damage  reports  are  difficult  to  assess.  They  are  often  composed  from 
incomplete  maintenance  and  work  data  that  do  not  specify  the  actual  problem 
areas.  The  common  terms  used,  such  as  "cracking,  bending,  delaminating," 
give  only  a  vague  indication  of  what  happened. 

Superior  information  has  been  obtained  from  Sikorsky  field  representatives 
at  CH-53  bases.  On  request,  they  have  provided  specific  information  on 
damage  -  part  number,  type  of  damage,  and  probable  cause.  This  is  the  type 
of  data  needed  to  redesign  and  retest  effectively. 

The  field  modes  of  damage  and  those  duplicated  in  the  course  of  testing 
are  given  in  Table  XIII. 
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TABLE  XII.  FIELD  ABUSE  -  ORIGINAL  DESIGNS 


1+2 


TABLE  XIII.  DAMAGE  MODES  OBSERVED  IN  THE 
FIELD  AND  DUPLICATED  IN  TEST 


Main  Rotor  Pylon  Hinged  Cover  Assembly 

Test 

Damage 

Field 

Original 

Redesign 

(l)  Structural  Damage: 

a)  Frames  Bent  and  Cracked 

X 

X 

b)  Skin  Bent  and  Cracked 

X 

X 

c)  Fwd  Lower  Corners  -  Cracking, 

Fraying 

X 

X 

d)  Buckling  of  Frames  -  Pulled 

F4  vet4* 

X 

X 

e)  Lower  Aft  Corners  -  Chafing, 

Bending 

X 

X 

X 

(2)  APP  Exhaust  Burns 

X 

(3)  Latch  Malfunctions: 

a)  Wear  and  Tear 

X 

X 

b)  Bending,  Breaking  of  Mechanism 

and  Parts 

X 

c)  Shearing  Rivets 

X 

X 

d)  Opened  -  Fwd  Locking  Pins  - 

Misaligned,  Bending,  Breaking 

X 

X 

e)  General  Misalignment  -  Difficulty 

in  Operation 

X 

X 

« 

Lower  Personnel  Door 

Test 

Damage 

Field 

Original 

Redesign 

(l)  Door: 

a]  Steps  Cracking 

X 

b)  Exterior  Skin  Cracks 

X 

X 

« 

c)  Distortion 

X 

X 

d)  Dents 

X 

e )  Bending 

X 

X 

f)  Misalignment 

X 

X 

X 

(2)  Support  Assembly: 

a)  Wear  at  Attachment  Points 

X 

X 

b)  Cracking 

X 

(3) Latch: 

a)  Distortion 

X 

X 

b)  Wear 

X 

X 

c )  Breaking 

X 

( 4 )  Hinge :  Cracking 

X 
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TABLE  mi  -  Concluded 


Lower  Personnel  Door 

Test 

Damage 

Field 

Original 

Redesign 

(5) 

Cables:  Breaking,  Fraying 

X 

(6) 

Structural  Damage: 

a)  Center  Step  Riser 

X 

X 

* 

b)  Latch  Assembly  Support  Channels 

X 

X 

* 

c)  Side  Beam  Step  Support  Cracks 

X 

X 

X 

(7) 

Door  Seal: 

a)  Binding 

X 

X 

b)  Damaged  -  Needing  Replacement 

X 

Main 

Rotor  Pylon  Work  Platform  Assembly 

Test 

Damage 

Field 

Original 

Redesign 

(1) 

Delamination  -  Fiber  Glass 

X 

(2) 

Distortion 

X 

(3) 

Latch  Assembly  -  Breaking 

X 

(M 

Hinges: 

a)  Halves  Breaking 

X 

b)  Pins  Breaking  and  Working  Loose 

X 

(5) 

Cracking 

X 

X 

^Although  damage  occurred,  the  redesigned 

exhibits 

improved  performance. 

L - ] 

REDESIGN 


Field  maintenance  data  and  test  results  were  used  to  develop  redesigns  of 
the  three  secondary  structures. 

The  rework  of  the  pylon  cover  was  based  on  the  results  generated  in  the 
secondary  structures  test.  This  was  possible  due  to  the  shorter  lead  time 
to  rework  an  existing  cover  compared  with  redesigning  whole  components,  as 
was  done  for  the  work  platform  and  the  lower  personnel  door  (Table  XIV). 

The  redesign  of  the  lower  personnel  door  was  initiated  on  the  basis  of 
field  maintenance  information  from  Sikorsky  field  representatives  at  the 
CH-53  base  on  North  Island,  San  Diego,  California  (Table  XV). 
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(7)  Buckling  -  Tearing  of  Free-Fall  Load  to  Open  Position  Reinforced  Local  Area 

Stringers  Around  Forvard 
Open  Positioning  Pins 


TABLE  XV.  REDESIGN  OF  LOWER  PERSONNEL  DOOR  (P/N  652Q7-030l8-Ql*l 


In  the  case  of  the  work  platform,  a  design  change  had  already  been  initia¬ 
ted  and  introduced  into  production  due  to  previously  noted  field  failures 
(Table  XVI ). 

The  analysis  of  the  redesigns  to  prevent  the  type  of  failures  experienced 
in  the  field  were  qualitative  and  are  included  in  the  description  of  the 
changes  as  follows: 

Main  Rotor  Pylon  Hinged  Cover 


These  modifications  are  shown  in  detail  in  Figures  8  and  9. 

In  zone  17G  (Figure  8)  is  shown  the  redesigned  latching  arm  with  an 
Improved  assembly  attachment  to  provide  adequate  torsional  strength. 

The  balance  of  the  drawing  depicts  the  btructural  reinforcements  shown  in 
Figure  9  for  increasing  the  torsional  stiffness  of  this  "U"  shaped  shell 
assembly  to  provide  easier  handling  and  improved  indexing  with  mating 
structure . 

Lower  Personnel  Door 


These  modifications  are  shown  in  detail  in  Figures  10  and  11. 

The  new  outer  skin  (-110  in  Figure  10)  is  strengthened  by  eliminating 
chem-milling  outboard  of  the  stair  beams  (forward  of  station  191  and  aft 
of  station  213)  and  maintaining  .040  inch  thickness  to  prevent  cracking  in 
these  areas  (see  zone  5D  and  E,  Figure  10).  The  door  edges  are  further 
strengthened  by  redesigning  the  edge  members  for  an  improved  seal  instal¬ 
lation  (-ill  through  -116).  In  the  current  production  configuration,  the 
bulb  seal  tends  to  stretch  and  pinch  and  strain  the  adjacent  structure, 
whereas  in  the  redesigned  installation,  as  shown  in  zone  3A,  the  seal  rolls 
and  deforms.  This  produces  a  good  seal  with  a  minimum  of  resistance  to 
contribute  to  door  distortion. 

The  latch  area,  shown  in  zones  5E  and  6e  in  Figure  10,  is  strengthened  by 
the  installation  of  heavier  brackets  and  clips  (-117  through  -112). 

The  redesign  to  improve  strength  for  resistance  to  kicking  abuse  is  shown 
in  -101  through  -109  (views  B-B  and  C-C),  Figure  11. 

The  redesigned  cable  support,  -043,  is  shown  in  detail  in  Figure  11.  The 
bottom  attachment  is  changed  to  accept  one  long  through  bolt  (Figure  30) 
for  a  more  solid  support.  The  previous  installation  (Figure  31)  had  two 
short  bolts  which  "wracked"  from  eccentric  lug  loading.  The  installation 
attachment  is  strengthened  (see  zone  2B,  section  D-D,  Figure  10 )  by  re¬ 
placing  end  rivets  with  a  bolt  and  radius  block. 
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Figure  9.  Redesigned  Main  Rotor  Pylon  Hinged  Cover 
(Drawing  38008-20001,  Sheet  2). 
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Figure  10.  Redesigned  Lower  Personnel  Door 
(Drawing  38008-20002,  Sheet  !)• 
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Figure  11.  Redesigned  Lower  Personnel  Door. 

(Drawing  38008-20002,  Sheet  2). 
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TEST 


Main  Rotor  Pylon  Hinged  Cover 

With  the  main  rotor  pylon  hinged  cover  as  originally  designed  (Figure  12), 
a  slight  amount  of  abuse  was  enough  to  cause  a  series  of  malfunctions  and 
damage  modes  (Table  XIV ).  All  of  the  damage  was  caused  by  the  first  five 
abusive  slams  (open  and  close)  on  the  hinged  cover  test  schedule  (Table 
IX).  The  hinged  cover  was  then  put  onto  the  test  fixture  for  the  vibra¬ 
tory  load  (Figure  13).  The  vibration  phase  was  halted  after  90  hours  run¬ 
ning  when  it  was  found  that  the  localized  loading  was  cracking  the  hinged 
cover  structure  (Figures  lU  and  15)  which  was  not  a  realistic  field  mode. 

MaJ'--  problem  areas  with  the  original  design  hinged  cover  included  the 
latch  assembly  (Figure  i6)  which  is  susceptible  to  Jamming.  The  fragil¬ 
ity  of  the  structure  showed  after  one  abusive  slam  (Figures  17  and  18), 
which  pulled  rivets  and  buckled  stringers .  The  aft  lower  corner  alignment 
pin  mounting  areas  are  easily  bent  (Figure  19).  The  forward  lower  corner 
alignment  bushings  interfere  with  the  fiber  glass  shell  (Figure  20). 

The  result  is  that  the  cover  misaligns  so  that  it  must  be  manhandled  into 
the  closed  position  (Figure  21). 

The  reworked  cover  (Figure  22)  survived  the  abusive  slams  intact,  except 
for  the  lower  aft  corner  alignment  pin  mounts  (Figure  23).  This  area  on 
the  test  fixture  has  been  found  not  to  be  typical  of  the  aircraft,  so  the 
excessive  damage  incurred  would  not  be  a  field  damage  mode  (Figure  2k). 

The  modified  cover  did  show  improved  performance  in  resisting  structural 
damage,  misalignment,  and  latching  difficulties.  The  modifications  (Figure 
22)  include  the  light-colored  parts  shown:  gussets,  doublers,  intercostals, 
and  latch  operating  arms. 

Lower  Personnel  Door 


Testing  of  the  lower  personnel  door  (Figure  25)  brought  out  the  weaknesses 
of  the  original  design  (Table  XV).  The  rubber  seal  (Figure  26)  around  the 
door  inner  edge  prevented  latching  without  excessive  slamming.  Initial 
installation  of  the  door  was  also  a  problem,  as  it  had  to  be  shimmed  at 
the  hinge  to  align  properly. 

Although  11  of  18  field  damage  modes  were  reproduced,  2  important  ones ,  the 
breaking  of  the  support  cables  and  the  cracking  of  the  hinge,  did  not 
develop.  Upon  consultation  with  a  Sikorsky  field  representative  at  North 
Island,  San  Diego  CH-53  base,  it  was  revealed  that  these  conditions  occur 
from  accidental  in-flight  door  openings,  which  are  attributed  to  the  latch¬ 
ing  problem.  The  resultant  "snap"  openings  could  break  the  cables  and 
hinge,  possibly  resulting  in  loss  of  the  door. 

Unlike  the  other  two  test  items,  the  vibratory  loading  on  the  door  (Figure 
27)  resulted  in  fatigue  cracks  similar  to  field  modes.  The  original  design 
lower  personnel  door  developed  the  cracks  in  the  skin  through  the  support 
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Figure  12.  Main  Rotor  Pylon,  Hinged  Cover  Assembly. 


Main  Rotor  Pylon,  Structural  Damage ,  Popped  Rivets. 
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Figure  27.  Lower  Personnel  Door,  Vibratory  Load  Test  Setup. 


channels  (Figures  28  and  29)  at  the  latches  in  175  hours  of  running.  The  re¬ 
designed  door  showed  improvement.  Although  the  same  type  of  cracks  appeared, 
they  took  longer  (252  hours)  and  were  smaller,  not  propagating  as  quickly. 

Manual  cycling  showed  that  the  redesigned  door  operated  smoothly  and  easily 
without  the  binding  seal  problem  (Figure  30). 

Since  the  redesigned  door  is  easier  to  latch,  the  possibility  of  a  partial 
latching  and  a  resulting  inflight  opening  is  minimized.  A  redundant  catch, 
such  as  provided  on  automobile  doors  and  hoods,  is  worth  considering  for 
such  hinged  structures. 

Eoot  impacts  (1+00  lb)  on  the  lower  step  (Figure  31)  produced  a  crack  on  one 
side  bee  -  or.  the  original  and  redesigned  doors  (Figure  32).  The  boot  impacts 
on  the  support  cable  (Figure  33)  produced  damage  (bolt  head  pulling  through 
the  support)  on  the  original  door  (Figure  3*0.  The  redesigned  door  sus¬ 
tained  no  damage  on  its  strengthened  support  assembly  (Figure  35). 

The  redesigned  door  was  also  superior  in  the  center  step  riser  kick  test. 

The  weighted  boot  was  swung  like  a  pendulum  into  the  riser  (Figure  36).  The 
original  design  lasted  only  seven  kicks  (Figure  37)  until  fracture.  The 
redesigned  riser  took  765  kicks  (Figure  38). 

Work  Platform  Assembly 

The  work  platform  assembly  (Figure  39)  has  been  failing  in  the  field  due  to 
delamination  of  its  fiber  glass  outside  (weather)  surface.  Problems  with 
the  hinge  and  latches  have  also  been  reported  (Table  XVI ). 

The  work  platform  assembly  was  subjected  to  a  three-phase  test:  (l)  vibra¬ 
tory  load  -  including  flight  vibrations,  (2)  manual  cycling  of  the  platform  - 
opening  and  closing,  and  (3)  roller  load  -  simulating  men  working  on  the 
platform. 

The  vibratory  loading  produced  no  effects  (Figure  1+0). 

Per  the  test  schedule,  the  work  platform  assembly  was  also  manually  cycled 
open  and  closed  (Figure  1+1). 

The  roller  load  (Figure  1+2)  simulating  men  working  on  the  platform  was 
expected  to  produce  the  delamination  field  mode  on  the  original  design  work 
platform  assembly.  However,  this  did  not  occur.  Both  the  original  and  re¬ 
designed  work  platform  assemblies  lasted  the  full  test  without  exhibiting 
the  primary  field  mode  of  failure.  The  original  did  develop  a  field 
mode  crack  above  the  aft  latch  (Figure  **3)  after  300  hours  of  test  when  the 
roller  load  was  increased  to  1+00  pounds  (2  men)  from  the  200-pound  (l  man) 
loading.  The  crack  after  initial  formation  did  not  propagate  further.  This 
type  of  crack  did  not  appear  on  the  redesigned  work  platform  assembly. 

The  redesigned  work  platform  assembly  is  expected  to  eliminate  the  delamin¬ 
ation  problem,  as  it  is  constructed  of  an  aluminum  and  honeycomb  structure 
rather  than  an  aluminum  and  fiber  glass  laminate  on  a  balsa  wood  core. 
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Figure  30.  Lower  Personnel  Door,  Redesign,  Improved  Seal 


Lower  Personnel  Door,  Redesign,  Support  Assembly 


,ower  Fersonnel  Door,  Original,  Riser  r  ract-ure . 
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One  damage  mode  which  appeared  on  the  redesigned  work  platform  assembly, 
but  not  o*i  the  original,  was  the  cutting  through  of  the  structure  by  the 
latch  handles  in  the  open,  working  position  (Figure  Ik). 

DESIGN  TRADE-OFFS 


In  this  study,  the  three  secondary  structures  that  have  u?en  the  most 
troublesome  in  H-53  aircraft  from  a  maintainability  standpoint  were  se¬ 
lected.  Design  changes  were  made  to  improve  the  mantainability  of  these 
structures,  and  a  limited  amount  of  testing  was  carried  out  (one  specimen 
each  on  the  original  and  the  redesign)  to  establish  the  degree  of  improve¬ 
ment  accomplished.  A  preliminary  trade-off  is  made  of  the  life-cycle  cost 
effectiveness  of  these  maintainability  improvements  in  relation  to  the 
changes  in  nonrecurring  and  recurring  cost  to  produce  and  the  change  in 
weight.  No  attempt  has  been  made  to  evaluate  the  added  cost  involved  in 
designing  and  testing  to  more  stringent  criteria  nor  the  cost  reduction 
resulting  from  fewer  spares  for  a  superior  design. 

The  cost/attribute  sensitivites  of  these  factors  for  the  H-53  medium- 
assault  helicopter  mission  are  as  shown  in  Table  XVII,  assuming  a  10-year 
life  cycle. 


TABLE  XVII . 

COST 

SENSITIVITIES 

i  1  i 

Attribute 

Unit 

Sensitivity  ($/Unit) 

Weight  Empty 

Maintainability 

Nonrecurring  Cost 

Recurring  Cost 

Pound 

MMH/FH 

$1000 

$1000 

89.7 

106,800  j 

10 

1,660 

t- . . . . .  .  . . . .  .  ..J 

The  delta  changes  in  each  of  these  attributes  have  been  estimated  and  multi¬ 
plied  by  the  appropriate  sensitivity  to  arrive  at  the  net  life-cycle  cost 
effect  on  each  structure  (Tables  XVIII,  XIX,  and  XX). 

For  the  hinge  and  cover  and  the  personnel  door,  the  arbitrary  assumption 
has  been  made  that  the  maintenance  man-hours  are  reduced  in  proportion  to 
the  number  of  modes  of  failure  eliminated  (as  demonstrated  by  test)  divided 
by  the  lumber  of  modes  experienced  in  the  field.  This  preliminary,  limited, 
cost  effectiveness  study  indicates  that  the  redesign  of  the  hinge  cover  is 
cost  effective  and  that  the  redesign  of  the  personnel  door  might  be  slightly 
cost  ineffective. 

The  test  program  was  unsuccessful  in  demonstrating  a  product  improvement 
for  the  work  platform.  In  the  analysis,  the  arbitrary  assumption  was  made 
that  the  redesign  was  &0%  effective  in  eliminating  field  failures .  It  can 
be  seen  that  improvements  have  been  made  at  a  considerable  weight  penalty, 
which  would  seem  to  put  the  redesigned  work  platform  in  a  doubtful  cost- 
effectiveness  category. 
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TABLE  XVIII.  HINGE  AND  COVER  ASSEMBLY  LIFE-CYCLE  COST  CHANGE 


A 

Unit  Change 

B 

Sensitivity 

C  =  A  x  B 

Life-Cycle  Cost  Change 

Weight 

2.93 

89.7 

+$  263 

Maintainability 

.0099 

106,800 

-  1,058 

Nonrecurring  Cost 

5.060 

10 

+  51 

Recurring  Cost 

.352 

1,660 

♦  581. 

Total  (Net  Change) 

-$  160 

TABLE  XIX.  PERSONNEL  DOOR  ASSEMBLY  LIFE-CYCLE  COST  CHANGE 


A  x  B 


Unit  Change  Sensitivity 


Weight 

.835 

89.7 

+ 

Maintainability 

.001*5 

106,800 

- 

Nonrecurring  Cost 

10.8 

10 

+ 

Recurring  Cost 

Total  (Net  Change) 

.201* 

1,660 

+ 

TABLE  XX.  WORK  PLATFORM  LIFE -CYCLE  COST  CHANGE 


A 

Unit  Change 

B 

Sensitivity 

C  =  A  x  B 

Life-Cycle  Cost  Change 

Weight 

2(6.81) 

89.7 

+$  1,223 

Maintainal illty 

.001*5 

106,800 

993 

Nonrecurring  Cost 

1* .  6 

10 

+  1*60 

Recurring  Cost 

.10 

1,660 

+  l66 

Total  (Net  Change) 

+$  656 
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CONCLUSIONS 


Conclusions  of  the  test  are: 

(1)  Reliability  and  maintainability  techniques  (such  as  FMERA,  use 
of  the  data  bank  and  trade-offs)  are  helpful  in  minimizing 
problems  with  secondary  structure. 

(2)  Current  field  maintenance  data  are  not  providing  adequate 
detailed  information  on  damage.  Good  data  could  reveal 
inherent  design  defects  and  the  exact  nature  (not  vague 
descriptions)  of  damage  and  failures. 

(3'  Current  design  and  test  criteria  for  secondary  structures  are 
not  adequate  in  some  areas . 

(4)  Design  and  testing  of  secondary  structure  must  be  carefully 
thought  out,  as  field  abuse  does  not  occur  in  an  easily 
predictable  manner. 

(5)  Major  design  problems  can  be  minimized  by  simple  functional 
tests . 
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RECOMMENDATIONS 


As  a  result  of  this  study,  it  is  recommended  that: 

1.  Design  and  test  specifications  for  helicopter  secondary 
structures  be  revised  to  include  functional  use  and  abuse 
loading  conditions  associated  with  maintenance,  in  addition 
to  operational/flight  loads. 

2.  A  study  be  made  of  the  practicability  of  requiring  that  field 
data  collection  systems  require  more  descriptive/illustrative/ 
photographic  detail  as  to  modes  and  locations  of  failures. 

3.  Reliability  and  maintainability  analytical  techniques,  such  as 
data  bank  use,  the  failure  mode  and  effects  analysis  and  trade 
offs  be  applied  to  helicopter  secondary  structure  as  well  as 
to  primary  structure  and  mechanism  design. 

U.  Reliability  and  maintainability  be  traded  off  in  relation  to 

such  other  factors  as  weight,  nonrecurring  costs,  and  recurring 
costs. 
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APPENDIX  I 


PRELIMINARY  SPECIFICATION  REVISIONS  RECOMMENDATIONS 


PROBLEMS  (HINGE  AND  COVER  ASSEMBLY  -  MAIN  ROTOR  PYLON ) 

1.  Cover  assembly  fiber  glass  cracking  and  delaminating, 
distorting  and  breaking. 

2.  Latch  installation  distorting  and  breaking. 


REQUIREMENTS  PERTINENT  TO  ABOVE  PROBLEMS 

Requirements  Adequate  Need  Rev  Nonexistent 
1.  General  Design 
Army 

AMCP  706-202  X 


Navy 

SD-2UH,  Vol  II 


Fiber  Glass 

3. 2.  U. 2. It 
SD-2UJ,  Vol  II 

3. 2.  U. 1.5 

3.2.  U. 2. U 


X 

X 

X 


X 


Air  Force 
AFSC  DH  2-1 
DN  2A1 
DN  3A3 


X 


X 


MIL-I-83291* 

(USAF) 

3.14.9.5  X 

It.  2  X 


Sikorsky 

SS  9583  X 


Comments 


Doc  not 
issued 


Superseded 
by  SD-2ltJ, 
Vol  II 
See  Note  1 
See  Note  2 

See  Note  6 
See  Note  2 


See  Note  3 
Sea  Note  It 


See  Note  5 


See  Note  6 


1 


2 .  Structural 
Design 

Army,  Navy, 
Air  Force 
MIL-S-8698 
(ASG)  (-1) 
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Superseded 
by  AR-56 


Requirements 

Adequate 

Need  Rev 

Nonexistent 

Comments 

3. 1.3. 3  and 

3. 1.3. 4 

X 

See  Note  7 

3.1.9 

3. 2. 2. 2 

X 

X 

See  Note  8 

AR-56 

Supersedes 

MIL-S-8698 

3.1  -  3.1.4 

X 

3.1.9  - 
3.2.1. 3 

3.4.7 

X 

X 

See  Note  9 

3 .  Test ,  Ground 


Army,  Navy, 

Air  Force 
MIL-T-8679 

3.1.10.7  X  See  Note  10 

3. 2. 9. 1.2  X 

3. 2. 9. 3. 4  X 

Army 

AMCP  706-203 
2-2.2  X 

9-2.2  thru 

9  -  2.2.1, 

Test 

condition  15  X 

Air  Force 
AFSC  DH2  -  1 
DN  2A1  X 

MIL-I-83291* 

(usaf) 

l».7  x 

4.7.3  X 


4.  Demonstration 
Army 

AMCP  706-203 


2-2.2  X 

9-14  X 

10-1  X 

10  -  2.1  X 


Navy 

MIL-D-23222A(AS) 
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Requirements  Adequate  Need  Rev  Nonexistent  Comments 

3.17  -  3.17.1  X 

Air  Force 
AFSC  DH  2-1 
DN  2A1  X 

NOTES 

1.  SH-21+H,  Vol  II,  does  not  contain  requirements  for  fiber  glass;  however, 
it  is  superseded  by  SH-21+J,  Vol  II,  which  does  (in  para.  3. 2.1*.  1.5). 

2.  SD-2l*H,  Vol  II,  para.  3.2.U.2.U  has  been  superseded  by  SD-21+J,  Vol  II, 
para.  3.2.14.1+.  The  latter  should  be  revised  through  the  addition  of 
"movable  sections"  throughout  (e.g.,  doors,  movable  sections,  and  removable 
sections).  In  addition,  "transmission,  rotor  head"  should  be  inserted 
following  "engine"  in  the  first  sentence  (e.g.,  engine,  transmission,  rotor 
head,  and  accessories). 

3.  AFSC  DH  2-1,  DN  2A1,  para.  1+,  Dynamic  Loads  -  Add  as  applicable:  h. 
Operations  of  doors,  work  platforms,  movable  or  removable  covering  or  fair¬ 
ing,  cowlings,  etc.,  during  loading,  boarding,  inspection,  and  maintenance 
operations . 

1+.  AFSC  DH  2-1,  DN  3A3,  para.  3,  Fairing  -  Add:  If  fairing  is  of  the 
sliding  type  (e.g., used  on  helicopters  for  access  to  transmissions  or 
rotor  head),  it  should  meet  the  deformation  and  fatigue  requirements  of 
MIL-T-8679,  para.  3.1.10.7. 

5.  MIL-I-8329I*  (USAF),  para.  3.1*. 9. 5.  If  this  specification  is  intended 
for  application  to  helicopters,  this  paragraph  should  be  expanded,  or  a  new 
one  added  to  include  fairing  (cowling)  requirements  for  transmissions  and 
rotor  heads . 

6.  As  required  by  SD-21+J,  Sikorsky  submitted  SS  9583.  This  Sikorsky  speci¬ 
fication,  previously  approved  by  the  Government,  is  being  revised  to 
require  materials  with  improved  interlaminar  shear  strength  not  currently 
provided  in  military  specification  materials.  Sikorsky  will  request  that 
the  military  specification  also  be  revised  in  the  near  future.  This  should 
reduce  delamination  problems  to  a  minimum.  However,  in  order  to  eliminate 
delamination  and  cracking  of  fiber  glass,  good  judgment  must  be  exercised 

in  designs  that  are  subject  to  penetration  (dropped  tools,  etc.)  and  local¬ 
ized  pounding  (due  to  vibration  or  repeated  loads  resulting  from  normal 
looseness  of  slide  or  roller  type  installations,  latches,  etc.)  to  deter¬ 
mine  if  fiber  glass  is  suitable  for  the  application,  if  metal  reinforce¬ 
ment  is  required,  or  if  metal  should  be  used  instead.  Fiber  glass  might 
delaminate  or  crack  under  such  conditions;  metal  would  probably  yield 
instead.  (We  recommend  that  the  Army  include  such  design  information  in 
AMCP  706-202  when  issued.) 
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7.  MIL-S-8698  (ASG)  (-1),  para.  3. 1.3. 3.  Expand  to  include  "movable  or 
removable  covering  or  fairing." 

8.  MIL-S-8698  (ASG)  (-1),  para.  3. 2. 2. 2.  Add:  Design  fatigue  loading  for 
movable  or  removable  covering  or  fairing  shall  include  loads  and  effects 
of  abuse  (slamming,  forcing,  etc.)  imposed  by  personnel  during  inspection 
and  maintenance  of  the  aircraft . 

9.  AR-56,  para.  3. 1.9.1.  Add  requirement  similar  to  that  added  in  Note 
8  above. 

10.  MIL-T-8679*  para.  3.1.10.7.  Change  to  read:  Deformation  and  fatigue 
of  doors,  work  platforms,  movable  or  removable  covering  of  fairing,  cowling, 
locks,  latches,  slides,  rollers,  and  fasteners  -  It  shall  be  shown  during 
structural  tests  that  these  items  and  items  of  mechanical  equipment,  such 
as  landing  gear,  remain  in  their  intended  positions  consistent  with  speci¬ 
fied  structural  design  requirements.  It  shall  also  be  shown  that  the 
following  fatigue  or  repeated  load  tests  have  been  met: 

Open/Close  Repeated  Impact 

_ Item _ Cycles _ Force  Cycles 

Door,  Entrance 

a.  with  stairs 

b .  without  stairs 

Door,  Inspection 

a.  hinged 

Platforms,  Work 

a.  operable 

b.  fixed 

Cowling/Covering /Fairing 

a.  removable 

b.  hinged 

c.  sliding 


NOTE:  Cycles  and  loads  are  peculiar  to  aircraft  model. 
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DOOR.  EXTERIOR.  PERSONNEL 
(Part  Number  65207-03006-011) 


PROBLEMS 


1.  Lower  door,  stairs  (steps)  cracking,  exterior  skin  cracking, 
distortion,  dents  or  bending. 

2.  Support  assembly,  weak  at  attaching  points,  cracking. 

3.  Cable  assembly,  strands  breaking. 

U.  Latch  installation,  distortion,  wear,  breaking. 

5.  Hinge,  cracking. 


REQUIREMENTS  PERTINENT  TO  ABOVE  PROBLEMS 

Requirements  Adequate  Need  Rev  Nonexistent 
1.  General  Design 
Army 

AMCP  706-202  X 


Navy 

SD-2l*H,  Vol  II 


3. 7. 1.6  X 

3. 7. 1.6.1  X 

3. 7. 1.7.1  X 
SD-2UJ,  Vol  II 

3. 7. 1.6  X 

3. 7. 1.6.1  X 

3. 7. 1.7.1  X 


Air  Force 
AFSC  DH  2-1 

DN  2A1  X 

AFSC  DH  2-2 
DN  2A1  (5.7)  X 


2.  Structural  Design 


Army,  Navy, 
Air  Force 
MIL-S-8698 
(asg)  (-1) 


Comments 


Doc  not 
issued 


Superseded 
by  SD-24J, 
Vol  II 


See  Note  1 
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Requirements  Adequate  Need  Rev  Nonexistent  Comments 

3.1. 3. 3  and 

3. 1.3.  U  X 

3.1.9.  X 

3. 2. 2. 2  X  See  Note  2 

AR-5  6 

3.1  -  3.1. X 
3.1.9  - 

3. 2. 1.3  X  See  Note  3 

3. it. 7  - 

3. it. 8  X 

3.  Test,  Ground 

Army,  Navy, 

Air  Force 
MIL-T-8679 

3.1.10.7  X  See  Note  it 

3.2.9. 3.  U  X 

Army 

AMCP  706-203 
2-2.2  X 

9  -  2.2  thru 
9  -  2.2.1, 
test  condition 
15  X 

9  -  10.2.6  X 

Air  Force 
AFSC  DH  2-1 
DN  2A1  X 

it.  Demonstration 


Array 

AMCP  706-203 
2.2.2  X 

9  -14  X 

10-1  X 

10  -  2.1  X 

Navy 

MIL-D-23222A  (AS) 

3.17  -  3.17.1  X 

Air  Force 
AFSC  DH  2-1 
DN  2A1  X 
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NOTES 


1.  AFSC  DH  2-1,  DN  2A1,  para.  Dynamic  Loads  -  Add  as  applicable:  h. 
Operation  of  doors,  work  platforms,  movable  or  removable  covering  or  fair¬ 
ing,  cowlings,  etc.,  during  loading,  boarding,  inspection,  and  maintenance 
operations . 

2.  MIL-S-8698  (ASG)(-l),  para.  3. 2. 2. 2.  -  Add:  Design  fatigue  loading  for 
doors,  boarding  steps,  and  combinations  thereof  shall  include  loads  and 
effects  of  abuse  (slamming,  jumping,  kicking,  etc.)  imposed  by  personnel 
during  loading,  boarding,  and  inspection  and  maintenance  of  the  aircraft. 

3.  AR-56,  para.  3. 1.9.1.  Add  requirement  similar  to  that  added  in  Note 
above . 

4.  M  L-T-8679 ,  para.  3.1.10.7.  Change  to  read:  Deformation  and  fatigue 
of  doors,  work  platforms,  movable  or  removable  covering  or  fairing,  cowMng, 
locks,  latches,  slides,  rollers,  and  fasteners.  It  shall  be  shown  during 
structural  tests  that  these  items  and  items  of  mechanical  equipment,  such 

as  landing  gear,  remain  in  their  intended  positions  consistent  with  speci¬ 
fied  structural  design  requirements.  It  shall  also  be  shown  that  the 
following  fatigue  or  repeated  load  tests  have  been  met: 

Open/Close  Repeated  Impact 

_ Item _ Cycles _ Force  Cycles 


Door, 

Entrance 

a. 

with  stairs 

b. 

without  stairs 

Door, 

Inspection 

a. 

hinged 

Platforms,  Work 

a.  operable 

b.  fixed 

Cowling/Covering/Fairing 

a.  removable 

b.  hinged 

c.  sliding 


NOTE:  Cycles  and  loads  are  peculiar  to  aircraft  model. 
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PLATFORMS.  MAINTENANCE  (WORK)  -  MAIN  ROTOR  PYLON 
(Part  Number  65207-0900l*-04l ,  -042) 


PROBLEMS 


1.  Upper  and  .lower  fiber  glass  panels  cracking,  delaminating, 
and  distorting. 

2.  Latch  assembly  breaking. 

3.  Hinge  halves  breaking. 

4.  Hinge  pins  breaking  and  working  loose. 

REQUIREMENTS  PERTINENT  TO  ABOVE  PROBLEMS 


Requirements 

Adequate 

Need  Rev 

Nonexistent 

Comments 

General  Design 

Army 

AMCP  706-202 

X 

Doc  not 
issued 

Navy 

SD-24H,  Vol  II 

Superseded 
by  SD-24J, 

Vol  II 

3.2.2.2.10 
Fiber  Glass 

X 

X 

See  Note  1 

3.11.7 

2.23.2.4 

X 

X 

See  Note  2 

SD-24J,  Vol  II 

Supersedes 

SD-24H, 

Vol  II 

3. 2. 2. 2. 3.8 

X 

3. 2. 4. 1.5 

X 

See  Note  10 

3.11.7 

3.23.2.4 

X 

X 

See  Note  2 

Air  Force 

AFSC  DH  2-1 

DN  2A1 

X 

See  Note  3 

DN  3A3 
MIL-I-83294 

X 

See  Note  4 

(USAF) 

3.4.9. 5 

4.2 

X 

X 

See  Note  5 

Sikorsky 

SS  9583 

V 

See  Note  10 
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Requirements  Adequate  Need  Rev  Nonexistent 


Comments 


2.  Structural  Design 

Army,  Navy, 

Air  Force 
MIL-S-8698 
(ASG)  (-1) 

3. 1.3. 3  and 
3.1. 3.1* 

3.1.9  X 

3. 2. 2. 2 

AR-56 

3.1  -  3.1.1+  x 

3.1.9  - 
3. 2. 1.3 

3. It. 7  X 

3.  Test,  Grouid 

Army,  Navy, 

Air  Force 
MIL-T-8679 
3.1.10.7 

3. 2. 9. 1.2  X 

3.2.9. 3. I*  X 

Army 

AMCP  706-203 
2  -  2.2  X 

9  -  2.2  thru 
9  -  2.2.1, 
test  condition  15  X 


X 

X 


X 


X 


Superseded 
by  AR-56 


See  Note  6 

See  Note  7 
Supersedes 
MIL-S-8698 


See  Note  8 


See  Note  9 


Air  Force 
AFSC  DH  2-1 
DN  2A1  X 

MIL-I-83291* 

(usaf) 

U. 7  X 

It. 7. 3  X 

It.  Demonstration 

Army 

AMCP  706-203 


2-2.2  X 

9  -  lit  X 

10-1  X 

10  -  2.1  X 


10U 


Requirements 


Adequate  Need  Rev 


Nonexi  stent 


Comments 


Navy 

MIL-D-23222A 

(AS) 

3.17  -  3.17.1  X 

Air  Force 
AFSC  DH  2-1 
DN  2A1  X 

NOTES 

1.  SD-2l*H,  Vol  II,  does  not  contain  requirements  for  fiber  glass;  however, 
it  is  superseded  by  SD-21+J,  Vol  II,  which  does  (in  para.  3. 2.1*.  1.5). 

2.  SD-21+H,  Vol  II,  para.  3.11.7  has  been  superseded  by  SD-2l4J,Vol.  II, 
para.  3.11.7.  The  latter  should  be  revised  to  read:  3.11*7  Integral 
Work  Platforms.  Integral  work  platforms  shall  be  provided  to  permit 
access  to  and  maintenance  of  engines,  transmissions,  and  rotor  heads 
that  cannot  be  reached  readily  from  other  parts  oit*ttie  aircraft,  the 
ground,  or  the  ship’s  deck. 

3.  AFSC  DH  2-1,  DN2A1,  para,  kt  Dynamic  Loads  -  Add  as  applicable:  h. 
Operation  of  doors,  work  platforms,  movable  or  removable  covering  or  fair¬ 
ing,  cowlings,  etc.,  during  loading,  boarding,  inspection,  and  maintenance 
operations. 

1).  AFSC  DH  2-1,  DN  3A3  -  Add  requirement  for  integral  work  platforms 
similar  to  that  in  Note  2  above. 

5.  MIL-I-83291*  (USAF),  para.  3. ^.9. 5.  If  this  specification  is  intended 
for  application  to  helicopters,  this  paragraph  should  be  expanded,  or  a 
new  one  added,  to  include  integral  work  platform  requirements  for  access 

to  transmissions  and  rotor  heads . 

6.  MIL-S-8698  (ASGj(-l),  para.  3. 1.3. 3.  Expand  to  include  integral 
work  platforms. 

7.  MIL-S-3698  (AG)(-l),  para.  3. 2. 2. 2,  Add:  Design  fatigue  loading 
for  doors,  boarding  steps,  and  integral  work  platforms  shall  include  loads 
and  effects  of  abuse  (slamming.  Jumping,  kicking,  etc.)  imposed  by  per¬ 
sonnel  during  loading,  boarding,  inspection,  and  maintenance  of  the 
aircraft . 

8.  AR-56,  para.  3. 1.9.1.  Add  requirement  similar  to  that  added  in  Note 
7  above. 

9.  MIL-T-8679,  para.  3.1.10.71  -  Change  to  read:  Deformation  and  fatigue 
of  doors,  work  platforms,  movable  or  removable  covering  or  fairing,  cowling, 
locks,  latches,  and  fasteners.  It  shall  be  shown  during  structural  tests 
that  these  items  and  items  of  mechanical  equipment,  such  as  landing  gear, 
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remain  in  their  intended  positions  consistent  with  specified  structural 
design  requirements.  It  shall  also  be  shown  that  the  following  fatigue 
or  repeated  load  tests  have  been  met. 


Open/Close  Repeated  Impact 

_ Item _ Cycles _ Force  Cycles 

Doors,  Entrance 

a.  with  stairs 

b.  without  stairs 

Doors ,  Inspection 
a.  hinged 
Platforms,  Work 

a.  operable 

b.  fixed 

Cowling/Covering/Fairing 


a. 

removable 

NOTE:  Cycles  and  loads 

b. 

hinged 

are  peculiar  to 

c. 

sliding 

aircraft  model. 

10,  SS  9583.  This  Sikorsky  specification,  previously  approved  by  the 
Government,  Is  being  revised  to  require  materials  with  improved  inter¬ 
laminar  shear  strength  not  currently  provided  in  military  specification 
materials.  We  will  request  that  the  military  specification  also  be  revised 
in  the  near  future.  This  should  reduce  delamination  problems  to  a  minimum. 
However,  in  order  to  eliminate  delamination  and  cracking  of  fiber  glass, 
good  Judgment  must  be  exercised  in  designs  that  are  subject  to  penetration 
(dropped  tools,  hard  heels,  etc.)  and  localized  pounding  (due  to  vibration 
or  repeated  loads  resulting  from  normal  looseness  of  latches  and  other 
fasteners)  to  determine  If  fiber  glass  is  suitable  for  the  application,  if 
metal  reinforcement  is  required,  or  if  metal  should  be  used  instead.  Fiber 
glass  might  delaminate  or  crack  under  such  conditions;  metal  would  probably 
yield  instead.  (We  recommend  that  the  Army  include  such  design  information 
in  AMCP  706-202  when  issued.) 
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APPENDIX  II 


FAILURE  MODE  EFFECT  AND  RELIABILITY  ANALYSIS 


This  appendix  provides: 

(1)  Reliability  Logic  Diagrams 

(2)  Failure  Mode  and  Effect  Analyses 

(3)  Reliability  Analysis 

for  the  following  secondary  structures: 

a.  Main  Rotor  Pylon  Fairing  Housing  Assembly 

b.  Main  Rotor  Pylon  Fairing  Hinge  and  Cover  Assembly 

c.  Main  Rotor  Pylon  Fairing  Slide  and  Cover  Assembly 

d.  Cockpit  and  Canopy  Door  Installation,  Nose  Gear 

e.  Fuselage  Door  Installation 

f.  Sponson  Cover  Installation,  Fuel  Cell 

g.  Sponson  Platform  Assembly,  Service  Platform 

h.  Main  Rotor  Pylon  Fairing  Platform  Assembly,  Work  Platform 

i.  EAPS,  Rear  Frame  Assembly 

J.  Tail  Boom  Support  Installation,  Compass  Transmitter 
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TABLE  XXI.  RELIABILITY  LOGIC  DIAGRAM  - 
_ MAIN  ROTOR  PYLON  FAIRING  HOUSING  ASSEMBLY 
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TABLE  XXII.  MAIN  ROTOR  PYLON  FAIRING  HOUSING  ASSEMBLY 
FAILURE  MODE  AND  EFFECTS  ANALYSIS 
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TABLE  XXIII.  MAIN  ROTOR  PYLON  FAIRING  HOUSING  ASSEMBLY 
RELIABILITY  ANALYSIS 
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TABLE  XXV.  MAIN  ROTOR  PYLON  FAIRING  HINGE  AND  COVER  ASSEMBLY 
FAILURE  MODE  AND  EFFECTS  ANALYSIS 
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TABLE  XXVII.  RELIABILITY  LOGIC  DIAGRAM  -  SLIDE  AHD  COVER  ASSEMBLY 


TABLE  XXVIII.  MAIN  ROTOR  PYLON  FAIRING  SLIDE  AND  COVER  ASSEMBLY 
FAILURE  MODE  AND  EFFECTS  ANALYSIS 


TABLE  XXIX.  MAIN  ROTOR  PYLON  FAIRING  SLIDE  AND  COVER  ASSEMBLY 
RELIABILITY  ANALYSIS 
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TABLE  XXX.  RELIABILITY  LOGIC  DIAGRAM  -  NOSE  GEAR  DOOR 


TABLE  XXXI  -  Concluded 


TABLE  XXXII.  COCKPIT  AND  CANOPY  DOOR  INSTALLATION,  NOSE  GEAR 
RELIABILITY  ANALYSIS 


TABLE  XXXIII.  RELIABILITY  LOGIC  DIAGRAM  -  PERSONNEL  DOOR 
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TABLE  XXXIV.  FUSELAGE  DOOR  INSTALLATION,  PERSONNEL 
FAILURE  MODE  AND  EFFECTS  ANALYSIS 


TABLE  XXXIV  -  Concluded 
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TABLE  XXXV.  FUSELAGE  DOOR  INSTALLATION,  PERSONNEL 
RELIABILITY  ANALYSIS 
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TABLE  XXXVI.  riiu.iAoIl.il Y  LOGIC  DIAGRAM  -  FUEL  CELL  COVER 


TABLE  XXXVII.  SPONSON  COVER  INSTALLATION,  FUEL  CELL 
FAILURE  MODE  AND  EFFECTS  ANALYSIS 


TABLE  XXXVIII.  SPONSON  COVER  INSTALLATION,  FUEL  CELL 
RELIABILITY  ANALYSIS 


TABLE  XXXIX.  RELIABILITY  LOGIC  DIAGRAM  -  SERVICE  PLATFORM 
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TABLE  XL.  SPONSON  PLATFORM  ASSEMBLY,  SERVICE 
FAILURE  MODE  AND  EFFECTS  ANALYSIS 
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TABLE  XLI,  SPONSON  PLATFORM  ASSEMBLY,  SERVICE 
RELIABILITY  ANALYSIS 
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ns  or  Screws 


TABLE  XLIII.  MAIN  ROTOR  PYLON  FAIRING  PLATFORM  ASSEMBLY,  WORK 
FAILURE  MODE  AND  EFFECTS  ANALYSIS 


TABLE  XLV.  RELIABILITY  LOGIC  DIAGRAM  -  EAPS  REAR  FRAME 
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TABLE  XLVI .  EAPS,  REAR  FRAME  ASSEMBLY  FAILURE 
MODE  AND  EFFECTS  ANALYSIS 


TABLE  XLVII.  EAPS,  REAP  FRAME  ASSEMBLY 
RELIABILITY  ANALYSIS 
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lA&Li.  XLVIII.  H£.uIm£>ILITY  LOGIC  DIAGRAM  -  COMPASS  TRANSMITTER  SUPPORT 


TABLE  L.  TAIL  BOOM  SUPPORT  INSTALLATION 
RELIABILITY  ANALYSIS 


APPENDIX  III 


EXPERIMENTAL  TEST  PROCEDURE 
ETP  6^98-11933 


TITLE:  Helicopter  Secondary  Structures 
Structural  Endurance  Test  of 

DATE:  February  20,  1973 


1  0  SCOPE 

1.1  Purpose  -  The  purposes  of  these  tests  are: 

(1)  Duplicate  failure  modes  experienced  in  service  with  the  present 
H-53  designs  of: 

(a)  The  main  rotor  pylon  hinge  and  cover  assembly. 

(b)  The  lower  personnel  door  assembly. 

(c)  The  main  rotor  pylon  work  platform  assembly. 

(2)  Demonstrate  increased  adequacy  of  the  redesigned  versions  of  the 
above  components. 

1.2  Background  -  These  tests  are  part  of  a  U.  S.  Army  research  contract 
concerning  the  maintenance  problems  and  aircraft  down  time  resulting  from 
problems  experienced  on  secondary  structure  components.  Included  in  this 
study  are  the  following! 

Cl)  Identifying  the  three  secondary  structures  accounting  for  the 
highest  maintenance  man-hours  and/or  aircraft  down  time. 

(2)  Determining  the  inadequacies  of  present  design  and/or  test 
criteria  presently  used  for  designing  and  qualifying  secondary 
structures . 

(3)  Recommendations  for  addition  and/or  revision  to  existing  design 
and  test  '.pecifications . 

(M  Redesign  of  the  three  selected  structures  to  new  and/or  revised 
criteria. 

(5)  Test  of  the  original  and  redesigned  structures  to: 

(a)  duplicate  the  in-service  inadequacies  of  the  original 
designs  and 

(b)  demonstrate  improvement  of  the  redesigned  structure. 
Problems  have  been  experienced  in-service  with  various  secondary  structure 


assemblies.  It  is  felt  that  some  of  these  problems  stem  from  deficiencies 
of  present  design  and  qualification  criteria  that  do  not  adequately  specify 
in-service  usage  and  environment.  Definition  of  new  and  revised  criteria 
is  being  considered  as  a  means  of  increasing  secondary  structure  relia¬ 
bility. 

A  review  cf  operational  and  overhaul  maintenance  data  for  the  Marine  CH-53 
A/D,  Air  Force  HH-53,  and  Army  CH-5^A  helicopters  showed  that  three  second¬ 
ary  structure  assemblies  (the  main  rotor  pylon  hinge  and  cover  assembly, 
the  lower  personnel  door,  and  the  main  rotor  pylon  work  platform  assembly), 
shown  in  Figure  1,  account  for  high  maintenance  man-hours  and  aircraft 
down  time.  These  tests  are  designed  to  produce  field  failure  modes  of 
these  components  in  the  lab  and  to  demonstrate  improved  performance  of  the 
redesigned  assemblies.  This  test  plan  is  presented  to  meet  the  test  plan 
"eqim'rements  of  the  contract,  Reference  2.1. 

2.0  APPLICABLE  DOCUMENTS 

2.1  Contract  No.  DAAJ02-72-C-0070 

2.2  Sikorsky  Aircraft  Drawing  65205-09010,  "Hinge  and  Cover  Assembly, 

Main  Rotor  Pylon." 

2.3  Sikorsky  Aircraft  Drawing  65207-03018,  "Personnel  Door  Assembly." 

2.14  Sikorsky  Aircraft  Drawing  65207-090014 ,  "Work  Platform  Installation, 
Main  Rotor  Pylon." 

2.5  Sikorsky  Engineering  Letter  SEL-2209,  dated  19  October  1972, 
"Helicopter  Secondary  Structures  Reliability  and  Maintainability 
Investigation  Progress  Report." 

2.6  Sikorsky  Aircraft  Drawing  SL65M-01162,  "Secondary  Structures  Endurance 
Test." 

2.7  Sikorsky  Aircraft  Drawing  SL65M-OII6I4 ,  "Secondary  Structures  Endurance 
Test." 

2.8  Sikorsky  Aircraft  Drawing  SL65M-OII65,  "Secondary  Structures  Endurance 
Test." 

3.0  REQUIREMENTS 

3.1  Experimental  Test  Design 

3.1.1  General  -  The  problem  areas  of  the  three  selected  components  have 
been  reviewed  to  determine  the  service  conditions  (loading  spectra,  vibra¬ 
tion  and  aerodynamic  environment,  and  abuse)  which  most  likely  contributed 
to  the  in-service  failure  modes  of  each  part.  Laboratory  tests  have  been 
designed  to  integrate  these  conditions  and  the  revised  testing  requirements 
(presented  in  Appendix  (I)  of  this  final  report)  into  a  combined  test 
spectra  designed  to  duplicate  these  in-service  modes  in  the  laboratory. 
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Scheduled  usage  and  estimates  of  ncnscheduled  usage  and  abuse  were  utilized 
to  combine  the  individual  service  conditions  into  composite  test  programs 
which  allow  the  interaction  of  these  conditions  in  proportion  to  field 
exposure.  No  attempt  shall  be  made  to  quantify  the  reliability  of  present 
or  redesigned  parts  with  these  spectra;  however,  comparisons  utilizing  the 
spectra  of  present  and  redesigned  versions  and/or  estimate  of  equivalent 
service  life  shall  be  possible. 

It  is  assumed  that  in  the  course  of  these  tests,  the  present  design  com¬ 
ponents  will  experience  the  in-service  failure  modes  and  that  the  redesigned 
components  will  demonstrate  improved  performance.  Since  there  are  several 
different  modes  of  failure  associated  with  each  of  the  selected  components 
and  since  only  one  specimen  each  of  present  and  redesigned  configuration 
will  be  tested,  the  following  decisioning  procedure  shall  be  followed  when 
failures  are  encountered: 

(1)  Provisions  shall  be  made  for  repair/replacement  of  those  failure 
modes  which  have  not  previously  been  experienced  in-service  on 
present  design  assemblies. 

(2)  Should  an  in-service  mode  of  failure  be  experienced,  testing 
shall  continue  with  the  failed  part  if: 

(a)  Continuing  operation  with  the  failed  part  is  considered 
to  be  a  contributing  factor  in  generating  other  in-service 
modes,  or 

(b)  Usage  feedback  from  the  field  indicates  that  such  operation 

is  possible. 

C3)  Should  a  new  failure  mode  be  experienced  on  the  redesigned 

assemblies,  testing  shall  continue  with  the  failed  part  if  (2) 

CbJ  above  is  satisfied. 

Note  that  during  the  course  of  testing,  normal  maintenance  and 
adjustment  procedures  for  each  assembly  shall  be  followed  at 
the  prescribed  intervals. 

Testing  of  each  assembly  shall  continue  until  either  all  field 
failure  modes  are  duplicated  or  500  hours  of  equivalent  flight 
time  have  elapsed. 

3,1.2  Main  Rotor  Pylon  Hinged  Cover  Assembly  -  The  main  rotor  pylon 
hinged  cover  assembly  P/N  65205-09010  has  experienced  the  following 
problems  in  service: 

(1)  Cracking  and  delaminating,  distorting  and  breaking  of  the 
fiber  glass  cover. 

(2)  Distorting  and  breaking  of  the  hinges  and  the  retention  latch 
installation.  These  problems  have  resulted  from  the  combination 
of  aerodynamic  loading,  vibration,  normal  usage,  and  abuse  of  the 
hinged  cover. 


One  production  cover  assembly  shall  be  subjected  to  laboratory  tests 
designed  to  duplicate  problem  modes  experienced  in  the  field.  Testing 
shall  include  the  combined  effects  of  water  and  salt  spary,  vibration  and 
aerodynamic  loading,  as  well  as  normal  and  abusive  cycling  of  the  cover. 

The  water  and  salt  spray  shall  simulate  high  humidity  and  salt  air  envi¬ 
ronment  which  results  in  possible  hardware  corrosion. 

3. 1.2.1  Vibration  Testing  -  The  vibration  and  aerodynamic  loading  of  the 
cover  shall  be  simulated  using  an  eccentric  mass  driven  by  a  vari-drive 
motor  attached  to  the  cover  in  such  a  manner  as  to  open  the  cover  from  its 
latched  position.  The  frequency  and  magnitude  of  the  applied  loading  shall 
be  determined  from  in-flight  measurements  of  cover  vibrations  which  shall 
be  performed  in  conjunction  with  an  existing  flight  test  program. 

3. 1.2. 2  Cycling  -  Normal  and  abusive  cycling  of  the  cover  shall  include 
manual  cycling  from  the  latched  to  the  fully  opened  position  as  well  as 
free-fall  drops  to  the  open  and  closed  positions  and  slamming  of  the  cover. 
The  frequency  of  the  open/close  cycling  shall  be  3/flight  hour  as  deter¬ 
mined  from  a  review  of  scheduled  inspections  and  unscheduled  maintenance 
which  require  opening  of  the  cover.  Since  no  statistics  are  kept  on  abu¬ 
sive  use  of  the  cover,  it  is  assumed  that  one  cycle  per  hour  shall  be  an 
abusive  cycle  consisting  of  free-fall  to  the  open  position  and  free-fall 
or  slam  to  the  latched  position. 

NOTE:  The  first  five  abusive  cycles  shall  consist  of  free-falls 

to  the  open  and  closed  positions  from  a  fully  vertical  open 
position.  Thereafter,  an  abusive  cycle  shall  consist  of  a 
drop  or  slam  from  a  height  of  18  inches  to  the  fully  closed 
and  open  positions. 

3. 1.2. 3  Procedure  -  Testing  shall  be  conducted  in  programmed  blocks 
designed  to  allow  interaction  of  the  simulated  aircraft  vibrations  and  the 
open/close  cycling,  yet  minimize  the  number  of  test  setup  changes.  A 
typical  test  block  (see  Section  l*.l)  shall  consist  of  20  hours  of  vibra¬ 
tion  testing  and  60  manual  open/close  cycles,  20  of  which  shall  consist  of 
free-fall  to  the  open  position  and  free-fall  or  slam  to  the  latched  posi¬ 
tion.  Functional  checks  of  the  cover,  latches,  and  hinges  shall  be  per¬ 
formed  prior  and  subsequent  to  each  test  block.  In  addition,  periodic 
visual  inspections  shall  be  performed  to  check  for  distorting  and  release 
of  the  retention  latch  mechanism,  distorting  or  breaking  of  the  hinges, 
and  distorting,  delaminating  or  breaking  of  the  fiber  glass  structure. 
Normal  maintenance  shall  be  performed  at  the  prescribed  intervals.  Should 
breaking  or  failure  of  any  cover  assembly  component  occur,  the  provisions 
of  Section  3.1.1  shall  apply.  Testing  shall  be  repeated  on  the  redesigned 
hinged  cover  assembly  and  the  results  of  such  testing  analyzed  to  determine 
in-service  improvement. 

3.1.3  Lower  Personnel  Door  Assembly  -  The  lower  personnel  door  assembly 
P/N  65207-030l8-C)i*l  (-0300^-011  installation)  has  experienced  the  follow¬ 
ing  problems  in  service: 

(l)  Breaking  of  the  door  support  cables. 


(2)  Weakening  and  cracking  of  the  hinge  and  support  assembly. 

(3)  Distortion,  wear,  and  breaking  of  the  latch  installation. 

(1*)  Cracking  of  the  center  stair  riser  and  exterior  skin  of  the  door. 

These  problems  have  resulted  from  the  combination  of  vibration,  normal 
usage,  and  abuse  of  the  lower  personnel  door. 

The  following  paragraphs  outline  the  laboratory  tests  designed  to  subject 
one  production  lower  personnel  door  to  simulated  field  problem  modes. 

3.1. 3.1  Cycling  -  The  lower  personnel  door  shall  be  cycled  between  its 
deployed  and  stowed  positions  to  simulate  the  abusive  handling  of  the  door 
encountered  in  the  field  resulting  in  broken  cables,  worn  cable  bracket 
holes,  and  crack  initiation  due  to  structural  shock.  Each  cycle  shall 
consist  of  raising  the  door  from  its  deployed  position,  slamming  closed, 
latching  and  unlatching,  and  permitting  the  door  to  free-fall  back  to  its 
deployed  position.  This  procedure  shall  be  repeated  for  a  total  of  eight 
complete  cycles  based  on  three  entries/exits  from  the  aircraft  for  each  lh 
hours  of  scheduled  flight. 

3.1. 3.2  Vibration  -  The  lower  personnel  door,  in  its  stowed  and  latched 
configuration,  shall  be  vibrated  and  aerodynamically  loaded  consistent  with 
actual  flight  inputs.  The  frequency  and  magnitude  of  the  applied  loading 
shall  be  determined  from  in-flight  measurements  of  door  vibrations  encoun¬ 
tered  during  a  flight  test  program.  The  vibration  shall  be  simulated  using 
a  vari-drive  motor  and  eccentric  mass.  The  door  shall  be  vibrated  for  a 
period  of  eight  hours. 

3. 1.3. 3  Stair  Tread  Impact  -  The  lower  personnel  door,  while  in  its  de¬ 
ployed  configuration,  shall  receive  an  impact  load  (1*00  lb)  from  a 
weighted  Government-issue  combat  boot  on  and  perpendicular  to  the  bottom 
stair  tread,  simulating  loads  imposed  by  personnel  Jumping  on  the  step 
during  entry  into  and  exit  from  the  aircraft.  The  force  and  acceleration 
of  such  loading  shall  be  derived  from  human  factors  information  available. 
This  loading  shall  be  repeated  for  a  total  of  90  impacts  based  on  estimated 
average  personnel  flight  capacities,  scheduled  inspections,  and  unscheduled 
maintenances . 

3. 1.3.1*  Stair  Riser  Impact  -  The  lower  personnel  door,  while  in  its  de¬ 
ployed  configuration,  shall  receive  an  impact  load  (250  lb)  from  a  weight¬ 
ed  Government-issue  combat  boot  on  and  perpendicular  to  the  center  stair 
support  riser,  simulating  loads  imposed  by  personnel  kicking  the  riser  on 
rapid  entry  into  the  aircraft.  This  abuse  has  resulted  in  cracked  center 
stair  risers.  The  force  and  acceleration  of  such  loading  shall  be  derived 
from  human  factors  information  available.  This  loading  shall  be  repeated 
for  a  total  of  1*0  impacts  based  on  estimated  average  personnel  impacts  per 
four  hours  of  flight  time. 

3.1. 3.5  Support  Cable  Impact  -  With  the  lower  personnel  door  in  ips  de- 


ployed  configuration,  an  impact  load  (400  lb)  shall  be  applied  to  the  door 
support  cable  adjacent  to  the  sponson  work  platform  to  simulate  personnel 
stepping  from  the  sponson  work  platform  onto  the  cable,  which  eventually 
results  in  cable  failure.  The  force  and  acceleration  of  such  loading 
shall  be  derived  from  human  factors  information  available.  This  loading 
shall  be  repeated  for  a  total  of  eight  impacts  based  on  average  estimated 
personnel  required  for  maintenance  and  inspections. 

3. 1.3. 6  Environmental  Test  -  The  lower  personnel  door  shall  be  subjected 
to  water  and  salt  spray  on  the  hinge  and  latch  installation  to  simulate  a 
high  humidity  and  salt  air  environment,  resulting  in  possible  hardware 
corrosion.  Sufficient  spray  shall  be  used  to  insure  complete  wetting  of 
the  hinge  and  latch  installation  surfaces. 

>. 1.3.7  Inspections  and  Functional  Checks  -  Inspections  and  functional 
checks  of  the  door,  cables,  support  bracket,  hinge,  and  latch  installation 
shall  be  conducted  at  the  completion  of  each  test  outlined  above. 

3.1. 3.8  Test  Sequence  -  Testing  shall  be  conducted  in  programmed  blocks 
designed  to  allow  interaction  of  the  simulated  aircraft  vibrations,  impact 
loads,  and  open/close  cycling  while  minimizing  the  number  of  test  setup 
changes.  A  typical  test  block  is  presented  in  Section  U.2. 

3.1.1+  Main  Rotor  Pylon  Work  Platform  Installation  -  The  main  rotor  pylon 
work  platform  installation,  P/N  65207-09001+,  has  experienced  the  following 
problems  in  service: 

(1)  Delamiration  of  the  fiber  glass  surface. 

(2)  Failure  of  the  latches  to  lock  properly. 

(3)  Breaking  and  distorting  of  the  hinges. 

These  problems  have  resulted  from  the  combination  of  vibrations,  normal 
usage,  and  abuse  of  the  work  platform. 

One  production  work  platform  installation  shall  be  subjected  to  the  follow¬ 
ing  laboratory  tests,  which  are  designed  to  duplicate  problem  modes  experi¬ 
enced  in  the  field.  Prior  to  testing,  the  work  platform  shall  be  checked 
for  proper  operation  of  hinges  and  latches. 

3.1.1+.1  Steady  and  Vibratory  Load  Test  -  This  section  shall  simulate  in¬ 
flight  load  conditions.  It  consists  of  applying  both  a  steady  and  a  vibra¬ 
tory  load,  which  results  from  aerodynamic  loading  and  airframe  vibrations. 
Measurements  on  an  aircraft  in-flight  shall  be  made  to  determine  the  load 
magnitudes  and  frequencies.  These  loads  shall  be  applied  by  eccentric  mass 
driven  by  a  varidrive  motor  with  the  work  platform  properly  latched  in  the 
in-flight  position.  The  expected  mode  of  failure  under  these  conditions 
is  unlocking  of  the  latches. 

3.1.1+.2  Cyclic  Surface  Loading  Test  -  A  cyclic  loading  test  shall  be  used 
to  simulate  the  loading  conditions  imposed  upon  the  platform  by  a  man  moving 
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about  on  it.  A  load  of  200  pounds  shall  be  applied  through  a  roller 
fitted  with  heels  from  Government-issue  boots.  This  roller  shall  be  cycled 
back  and  forth  in  the  longitudinal  direction  upon  the  walking  surface  of 
the  platform,  which  is  fixeu  in  the  service  position.  This  procedure  i3 
similar  to  that  used  to  substantiate  commercial  aircraft  floor  panels. 

The  expected  mode  of  failure  is  delamination  of  the  fiber  glass,  the  prin¬ 
cipal  problem  with  the  work  platform.  Any  deterioration  of  the  fiber 
glass  shall  be  properly  recorded.  Forty  percent  of  the  roller  test  will 
be  run  at  an  increased  load  of  1+00  pounds  total,  simulating  two  men  working 
on  the  platform. 

3.1.1+.3  Cyclic  Endurance  Test  -  A  cyclic  endurance  test  in  which  the  plat¬ 
form  is  manually  cycled  between  the  flight  position  and  the  service  posi¬ 
tion  sh^.ll  also  be  included  in  the  endurance  test.  The  severity  of  the 
openings  shall  be  regulated  cognizant  with  normal  usage.  Abusive  cycles 
shall  be  included  with  a  free-fall  opening  and  forceful  closing.  At  the 
end  of  each  test,  the  work  platform  will  be  checked  for  proper  operation 
and  any  deterioration  noted. 

3.1.  h. 4  Environmental  Test  -  Water  and  salt  spray  shall  simulate  a  high 
humidity  and  salt  air  environment  which  results  in  possible  hardware 
corrosion.  The  spray  shall  be  applied  periodically  to  insure  constant 
wetting  of  the  hinge  and  latch  mechanisms. 

3. 1 .  U . 5  Overall  Interaction  -  The  relative  proportion  of  each  section  in 
the  overall  test  shall  be  determined  based  on  normal  usage.  Information 
concerning  scheduled  maintenance  which  involves  the  use  of  the  pylon  work 
platform  requires  that  the  platform  be  opened  and  closed  twice  for  every 
lh  hours  of  flight.  Information  concerning  unscheduled  maintenance  is 
net  available.  Taking  this  into  account,  the  platform  shall  undergo  two 
open/close  cycles  per  flight  hour.  The  wheel  shall  be  cycled  four  times 
for  every  open/close  cycle. 

3.2  Facility  Requirements  -  Facility  requirements  for  these  tests  include 
the  following: 

(1)  Special  jigwork  for  securing  the  respective  assemblies  during 
testing  (References  2.6,  2.7,  2.8). 

(2)  A  varidrive  motor  and  eccentric  mass  for  vibration  testing. 

(3)  A  hydraulic  actuator  and  servo  controller  for  vertical  impacts 
on  the  personnel  door  (Reference  2.6). 

(4)  Pendulum  fixtures  for  horizontal  impacts  on  the  personnel 
door  (Reference  2.6). 

(5)  A  test  fixture  and  specially  designed  loading  wheel  for  the  work 
platform  cyclic  surface  loading  test  (Reference  2.7). 

3.3  Instrumentation  Requirements  -  The  following  instrumentation  shall  be 
required: 
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(1)  Strain  gages  positioned  on  assemblies  for  vibration  testing. 
See  Figure  2. 

(2)  Load  monitor  and  automatic  timing  for  vibration  testing. 

(3)  Load  cell  for  monitoring  vertical  impacts. 

U.O  TEST  LOAD  SCHEDULES 

h.l  Main  Rotor  Pylon  Hinge  and  Cover  Assembly  - 

(1)  Functional  check-out  for  hinged  cover  assembly 

(2)  3. 1.2. 2  15  open/close  cycles,  5  of  which  are  abusive 

(3)  3. 1.2.1  U  hours  of  vibration  testing:  gage  No.  2  ±h00  psi 

g  17  Hz 

(1*)  3. 1.2. 2  15  open/close  cycles,  5  of  which  are  abusive 

(5)  3. 1.2.1  h  hours  of  vibration  testing:  gage  No.  2  ±1*00  psi 

g  17  Hz 

(6)  3.1. 3. 3  15  open/close  cycles,  5  of  which  are  abusive 

(7)  3. 1.2.1  1*  hours  of  vibration  testing:  gage  No.  2  ±1*00  psi 

g  17  Hz 

(8)  3. 1.2. 2  15  open/close  cycles,  5  of  which  are  abusive 

(9)  3. 1.2.1  8  hours  of  vibration  testing:  gage  No.  2  ±1*00  psi 

g  17  Hz 

(10)  Functional  check-out  of  hinged  cover  assembly 

NOTES:  (l)  Blocks  shall  continue  in  a  similar  manner  until  field 
failure  modes  are  experienced. 

(2)  Normal  cover  maintenance  shall  be  performed  at  the 
prescribed  intervals. 

(3)  Water  and  salt  spray  shall  be  periodically  applied 
to  insure  constant  wetting  of  the  hinge  and  latch 
mechanisms . 

I*. 2  Lower  Personnel  Door 

(1)  Functions]  check-out  of  lower  personnel  door 

(2)  3.1. 3.6  Water  and  salt  spray 
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(3)  3.1. 3.1  8  open/close  cycles 

(1+)  3. 1.3. 3  90  stair  tread  impacts 

(5)  3. 1.3.1*  1*0  stair  riser  impacts 

(6)  3.1. 3. 3  90  stair  tread  impacts 

(7)  3.1. 3. 5  8  support  cable  impacts 

(8)  Functional  check-out  of  lower  personnel  door 

(9)  3.1. 3.6  Water  and  salt  spray 

(10)  3. 1.3.1  8  open/close  cycles 

(11)  3. 1.3. 3  90  stair  tread  impacts 

(12)  3. 1.3.1*  1*0  stair  riser  impacts 

(13)  3. 1.3. 3  90  stair  tread  impacts 

(ll*)  3. 1.3. 5  8  support  cable  impacts 

(15)  Functional  check-out  of  lower  personnel  door 

(16)  3.1. 3.6  Water  and  salt  spray 

(17)  8  hours  vibration  testing:  gage  No.  1*  ±1*50  psi  @  17  Hz 

(18)  Functional  check-out  of  lower  personnel  door 

NOTES:  (l)  Blocks  shall  continue  in  a  similar  manner  until  field 

failure  modes  are  experienced. 

(2)  Normal  door  maintenance  shall  be  performed  at  the 
prescribed  intervals . 

1+ .  3  Main  Rotor  Pylon  Work  Platform  Installation 

(1)  Functional  check-out  of  work  platform  installation 

(2)  3. 1.1*. 3  10  open/close  cycles,  3  of  which  are  abusive 

(3)  3. 1.1*. 2  80  cycles  with  the  roller 

(1*)  3.1.1+.1  1*  hours  of  vibration  testing:  gage  No.  3  ±500  psi 

8  17  Hz 

(5)  3. 1.1*. 3  10  open/close  cycles,  2  of  which  are  abusive 

(6)  3 . 1 . 1+ .  1  1*  hours  of  vibration  testing:  gage  No.  3  ±500  psi  §  17  Hz 
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(7) 

(8) 

(9) 

(10) 

(11) 


3.1.1*. 3  io  open/close  cycles,  2  of  which  are  abusive 

3. 1.4.1  4  hours  of  vibration  testing:  gage  No.  3  ±500  psi 
§  17  Hz 

3.1.4. 3  10  open/close  cycles,  3  of  which  are  abusive 

3. 1.4. 2  80  cycles  with  the  roller 

3.1. 4.1  8  hours  of  vibration  testing:  gage  No.  3  ±500  psi 

g  17  Hz 


(12)  Functional  check-out  of  work  platform  installation 


NOTES:  (l)  Blocks  shall  continue  in  a  similar  manner  until 
field  failure  modes  are  experienced. 

(2)  Normal  platform  maintenance  shall  be  performed  at  the 
prescribed  intervals . 


(3)  Water  and  salt  spray  shall  be  periodically  applied  to 
insure  constant  wetting  of  the  hinge  and  latch 
mechanisms . 


5.0  TEST  PLAN 


5.1  Main  Rotor  Pylon  Hinge  and  Cover  Assembly 

1.  Install  the  hinge  and  cover  assembly  in  the  test  fixture  in 
accordance  with  Reference  2.8. 

2.  Verify  proper  operation  of  the  cover  assembly,  and  commence 
testing  in  accordance  with  the  procedure  outlined  in  Section 

3.1.2  and  the  loading  schedule  in  Section  4.1.  Record  comple¬ 
tion  of  each  test  sub-block  on  data  sheets  supplied  for  the 
test . 

3.  Continue  testing  until  all  field  failure  modes  are  experienced 
or  until  25  blocks  have  been  completed.  Record  ANY  failures! 

4.  Should  breaking  or  failure  of  ANY  cover  assembly  component  be 
experienced,  the  provisions  of  Section  3.1.1  shall  apply. 
Contact  cognizant  test  engineer. 

5.2  Lower  Personnel  Door  Assembly 

1.  Install  the  lower  personnel  door  assembly  on  the  static  H-53 
aircraft  in  accordance  with  Reference  2.6. 

2.  Verify  proper  operation  of  the  door  assembly,  and  commence 
testing  in  accordance  with  the  procedure  outlined  in  Section 
3.1.3.  Follow  the  test  load  schedule  presented  in  Section  4.2. 


Record  completion  of  each  test  sub-block  on  the  data  sheets 
provided . 

3.  Continue  testing  until  all  field  failure  modes  are  experienced 
or  until  63  blocks  have  been  completed.  Record  ANY  failures 
experienced! 

4.  Should  breaking  or  failure  of  ANY  assembly  component  be  experi¬ 
enced,  the  provisions  of  Section  3.1.1  shall  apply.  Contact 
cognizant  test  engineer. 

5 . 3  Main  Rotor  Pylon  Platform 

1.  Install  the  work  platform  assembly  in  the  test  fixture  in 
accordance  with  Reference  2.7. 

2.  Verify  proper  installation  and  operation  of  the  work  platform 
assembly,  and  commence  testing  in  accordance  with  the  procedures 
of  Section  3.1.*+  and  the  loading  schedule  outlined  in  Section 
4.3.  Record  completion  of  each  sub-block  on  the  special  data 
sheets  provided. 

3.  Continue  testing  until  all  field  failure  modes  are  experienced 
or  until  25  blocks  have  been  completed.  Record  ANY  failures 
experienced! 

4.  Should  breaking  or  failure  of  ANY  work  platform  assembly 
component  be  experienced,  the  provisions  of  Section  3.1.1 
shall  apply.  Contact  cognizant  test  engineer. 

6.0  QUALITY  ASSURANCE  PROVISIONS 

6.1  Inspection  -  Both  the  test  specimens  and  test  installation  shall  be 
carefully  inspected  to  insure  conformity,  alignment,  assembly  procedures, 
etc.,  which  could  affect  the  test  data. 

6.2  Calibration  -  All  measurement  systems  used  in  these  tests  shall  be 
calibrated  and  shall  display  a  current  calibration  sticker.  All  load 
cells  and  strain  gages  shall  be  provided  with  electrical  resistance  cali¬ 
bration  systems  (R-cells),  which  will  be  checked  prior  to  each  test. 

6.3  Witnesses  -  USAAMRDL  and  Navy  Plant  Representative  Office  shall  be 
notified  at  least  10  days  prior  to  the  start  of  testing  to  enable  witnessess 
to  be  present  if  required. 

6.4  Responsibility 

1.  The  test  engineer  has  overall  system  responsibility. 

2.  All  testing  shall  be  conducted  in  accordance  with  the  provisions 
of  ESM-F1-2005,  "Mandatory  Requirements  for  the  Conduct  of 
Structural  Fatigue  Tests." 
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